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veling & orter, J td., 
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Read Rolers & Tractors. 


‘Yarrow & Co. az», Ltd.,' 


SHIPBUILDERS AND ENGINEERS, 
GLASGO 


iw. 

SPEEDS * TO 45 MILES AN HOUR. 
PADDLE OR SCREW STEAMERS OF 
84. + wy ole Draverr. 
Repairs on Pacific _ Coast 


by YARROWS, LIMITED, Victoria, British 
Columbia. 9563 


SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 


oy les Limited, 
INBERS, IRLAM, MANCHESTER. 
FRED WATEE HRATEHS 
CALORIFIRRS, EVAPORATORS, = 


CONDENSERS, AIR HEATERS 
Merrill's Patent TWIN STRAINERS for Pump 


SYPHONIA STEAM TRAPS, REDUCING VALVES 
High-class GUNMETAL STBAM FITTINGS. 
ATER SOPTENING and FILTERING. 8723 


'Y arrow Patent 


bs Laem Boilers. | 


YARROW UNDERTAKE = 
PRESSING and MACHINING of the — 
of Yarrow Boilers, such as the Steam Dru: ater 
egy a be pe for British and 


Firms n: 
YARROW ry cos ty Lrp., , GLaseow. 





A. M2rterd, LL 


CULVER STREBT WORKS, COLCHESTER. 
On ADMIRALTY aNpD Wap Orrice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 


See Advertisement, pages 25 and 29, last week. 


PATENT WATBR-TUBB BOILERS 
AUTOMATIC FEED EEGULATORS, 


And Auxiliary eeimieity. as supplied to ee 
Admi 


? 179 
Jorn H. Witson& Co.,Ltd. 
Birkenhead. 


See Illustrated Advertisement Page 100, Jan. 28, 1921. 


L boonsativé Shunting Cranes 


Steam and Electric Cranes, 


reat ORANE-NAVVIES, GRABS, 
B-MIXERS, 
SHIPS’ Se ae WINCHES, and 


MAOHIN 


List oF Stawpagp Sism Sizes on APPLICATION. 
London Office: 15, VICTORIA STREET, 8.W. 1. 








FOR z 
Drop Forgings 
sae < opto ewes & FORGE OO., 
Wellington Street, Glasgow. 9674 
lank Loconiotives. 
Specification and Workmanship equal to 
Line Locomotives. 


Main 
R. & W. HAWTHORN, LESLIE 4 0O., ) Ein 
Byemerrrs, NEWCsasTLe-on-TYNE. 


“ Qpeneer- FJ 0 wood” Patent 


: See 16, 
Sole Makers: ilers. ““Sine'3. 
SPENCER - BONECOURT, Lp., 577 
Parliament Mansions, Victoria St. Lendon, 8.W. 


SIROCCO AND STURTEVANT FANS, 
We have a Large Stock of all 
standard sizes, No. 3 to 12 inclusive (15 in. 


~y mabe diameter Runners), ex various Government 
e 











guarantee poy new or equal to new 
and supply either hand or for any drive. 


haphennme 
PROGRESSIVE ENGINEERING co., LTD., 
Leicester. 


RE APS 


e8 
Reported U 
= 

—Great Kastern Road, Strattera. 


Steam Hammers “(with or 


without Hand- —— or Tee 8 
TOOLS for BUILDERS & . 


516 
DAVIS & PRIMROSE, Liwiren,Lerru, Epprsunex. 


Brett's Patent Liter Co. 
Hammers, Presse Presses, Furnaces, 
Bever, Dorlin, ng. & Co., Lad., 
‘sana Sg 


(\ranes.—Electric, Steam, 
HYDRAULIC and HAND, 


eee nus g ath £'S0. tee 
yg aap: Ta one 





ts eae al 

















é 


Sr| Pp é 





(ampbells & Her, L 4 
SPECIALISTS IN 
Drillers & Boring Machinery 
for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS. 4547 


Vosprr & Co, Lrp. 


SHIP & LAUNOH Bt BUILDERS. | ages 
ENGINEERS & BOILER MAKERS 





Tubes, and, Pisin 
b L4 


B.C, ——y 


ARADISE 
MANCH WAREHOUSE OL DEANBGATE, 
pr ad WAREHOUSE—132, Butz Sr. 
RMINGHAM WARBHOUSE—Nuz §rreer, 
9952 


HEEPSOOTE 
See Advertisement, page 26. 





(Cochran MULTITUBULAR AN 


CROSS-TUBE TYPRS. 
See page 17, June 2. 


Boers. - 


[the Mitchell (Conveyor and 


TRANSPORTER OCO., LTD., 
ConTRacTiné ENGINEERS. 





DESIGNBRS and BUILDERS 
of 
all Classes of HANDLING MACHINERY. 


Atlantic sows, 
45-60, Holborn Viaduct, 
London, 8.0, 1. 


‘elegrams: ‘‘ Micontraco, Cent, London.” 
Teleshone: Holborn 286. . 


[the Glasgow Railway 
Enginpering Company, 


London Office—12, Victoria Street, 8.W. 


9759 





MANUFACTURERS OF 
RAILWAY CARRIAGE, WAGON & TRAMWAY 
. WHEELS & AXLES 


CARRIAGE & WAGON IRONWORK, also 
CAST-STEKEL AXLE BOXES. 


De mh Six Cylinder, 


Scaes cnaleee bane te oe 1200 HP., 





*lectrical 
9753 | Pumps from Rin-we. outl 


pin. cuties 
West Walls, Newcastle-on-Tyne. 


W. MacLellan, Limited, 
CLUTHA WORKS, GLASGOW. 


MANUFACTURERS OF 
natewax CARRIAGES AND D WAGONS 
EVERY DESCRIPTION, 


RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 

Chief Offices; 129, Trongste, Giaseow. © Od 8547 

Registered Offices: Clutha House, Princes St., 
Westminster, London, twit sap: 


Hardening & Hi & Heat Treatment. 
i i H. 8, Chasers for adjustable 


colouring, etc.” We 
poner BE or 
sto. Write’ we) for’ partion ig 


. ° P. 


rennin aret ont 
Telephone : Wall 








dirt. Ash 


Hyconomy ! 


HIGH BOILER EFFICIENCIES 
ARE OBTAINED BY INSTALLING 


['odd Qi! | Brrmers 


FUEL OIL BURNING SYSTEMS, 
HEATERS, STRAINERS. 
49-61, Bastouesp, Lorpor, B.C, 3. 
TODD SHIPYARDS CORPORATION, 
Builders of Steam and Motor Ships, Repairers, 
Electric Drive Installations. 
Twenty-one Floating Docks, Two Graving Docks, 
Twelve Shipways. 
25, Broadway, New York, U.S.A. 9960 
’ Patent 
Cones cates: 08 Sas No noise. = yan No 
es 20 ft. clear of vessel.—Apply, 
F. J. R, Lrp., Naval Arch’ 


ROOCTO 
tects and SY patie 43, Billiter Bidgs., Billiter St., 
London, B 0. Od 4835 








ON ADMIRALTY LIST. 


ohn Kirkaldy, Ltd., 


London Office: 101, essen, 8 or B.C, 3. 
Works : ae Ex. 


J 


feria ti a Diating Platte Machinery. 





ke, &e. 
CHARTERED 
S.§ okal, PATENT AGENT. 


1, Pe et Boe ante, WS), 
T.N, 4515 Museum. 


Fi lectric Cranes. 
['ravereers. 
(['ransporters. 
T,ifts- 


8. H. HEYWOOD & Co., Lo, 
Reddish. 





-j ohn Belany T pitted, 


a LONDON, 8. 
OTIONAL ENGINEERS. 1216 
Boilers,’ "Tanks & Mooring Buoys 
arty gg Bm Am a ae 
Sream and VENTILATING 


gp hwy - Sprciat Work, Reparms oF 
ALL KINDS, 





RAILWAY AND TRAMWAY ROLLING STOCK, 


Ht: Nelson & Co Pi 


Tux Guiascow Roiuive Srock anp nen 
MoTHERWELL. 


Hs Wrightson & Cm 


LIMITED. 





See Advertisement page 62, June 2. 


[['eylor & (Shallen 


resses 





8195 
About 200 NEW PRESSES in Stock in our 
Showrooms for immediate Wd at specially 


- Reduced 
TAYLOR & CHALLEN, Urp En . 
gineers 


itution Hill, dneensinedine 
See Full page Advertisement, page 42, May 26. 


Mitthew pa & (Co. LL 


Bee Full Page A’ Advt., page 58, May 26, 








ailway 
G witches and 


rossings. 


tT. suuapon & nome, LIMITED, 
Dag.ineton 





BEXHIBITION-AWARDED, 


GOLD MEDAL-InventTions 

uckham’s Patent Sus abe veanr 
WBIGHING tem 

ROAD nga. ime G WORKS COMPANY, Lap, 


Loxpox, B.—Hydraulic Oranes, Grain re 
. Bee Illus, Advt. last week, page 15, 64 





W arcoop-Orrs 
Lirrs. 


& & 65, Ferrzn Lanz, LONDON, B.C, 4, 
62 & 63, Liowe, Sraerr, BIRMING 
and Principal Provincial Cities 





P. Thurston, D.8e. 


FR Ren 


A. ad on 
re rr es a 


ldings, W.O, 2. Hottern saa, 
Cota and Sli Chains up to 








ubes-and Pitting 








: Tux Giaseow RoLumwe Stocx ssp PLawr Womxs. 





Hammers 
Dies Bemaping Paws 


ee 
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ASSOCIA’ 
For the ention of Steam Boiler Hxplosions and 
- the Eiciament of Economy inthe Application 
<i. 9, ape: 3 —— 


eer: 
_ Hounds wk 


rkahope Act, 180. Com: 
and Linthities ities paid i: pun b 


and Boilers inspected 4 


ummer Holiday Course,|s 


1922, 
at the French Universities of 
GRENOBLE AND NANCY, 


for British Engineering Students, and young 
Engineers. 


ad — 
g construction. 





LHOTURES on :— 
Hydro-Blectric Installations and Power 
Transmission, Blectrotechnics, ete, 


——- 


Visit of Blectrical Manufacturing Works. 


For full particulars, apply te :— 


OFFICR DES UNIVERSITES FRANCAISBS, | >ridg 
50, Russell Square, 
London, W. 1. U 357 





Cer ae pera Me Courses for 


Inst. Civil ‘Be, and Mec 
), and AL “ENGINDERING 
EPs, BBS (Honours), Ase 

TREVOR W. PHIL. B.8e. ‘Assoc. 
M.Inst.0.5., MRSL. BR RSA, Also 
Tuition in Office. Hxcellent results at all Exams. 
Courses may commence at any time, and all 
Students ressive individual tuition.—For full par- 
tloulars apply to 8/11, TRarFrorp a} 


Sourm JoxnN SrREzT, LIVERPOOL. 
[2 0.E., I. Mech. Mech. E., B.Sc., 


and sll Bee td neato 
ee eae itn 6 Pa. 
SAN DID DATES personally 


, Cee 





eo b 
x ty yee yy may com- 
mence at ie Aye ictoria St., Westminster 
8.W. Tel Victoria 


148 
[2. C.E. Exams. eacuuen 


as usual last Hxam. by Oorrespondence i 
rg, Buccesses b bendrete, several prizes. 
“0” embraces essional 

Address, 7434, Offices of ENGINEFRING. 








oe Sy z “Veesle =A of 


Practica’ struction vy 
mdence.—Address, for particulars an 
: Offices of Ex@InreRine. 


Corre- 
terms, 





Penn ingtons, University 

TUTORS, 254, Oxford Road, Manchester, 
Hetab. 1876. Enrol now for 1.C.B. and 1.M.B. Postal 
Courses, 100 per cent. passes last Exams. Reinforced 
Concrete —a new comprehensive course under 
expert engineer, £3 3s. rite for particulars, 9750 


TENDERS. 





METROPOLITAN WATER BOARD. 
POSITIVE WATER METERS. 
The Metropolitan Water Board invite 


[lenders for the Sup pply y of the 


following quantities of POSITIVE METERS ;— 
pn bs 100 2-in. ; 100 1-in. ; 100 1}-in.; 50 2-in. ; 
eo of Tender and Specification may be 
obtained from the Chief Engineer, Metropolitan 
Water ae, ep River Head, 173, Rosehe 
personal cqoeeiiee Mee (Room isd 
Lk ing @ stamped addressed bri 


‘ope. 

Tenders enclosed in sealed envelopes addressed to 
the Clerk of the poare, Metropolitan Water 
Board, New River Head, 173, Rose>ery Avenue, 
B.C. 1, and endorsed “ Tender for Meters,” must 
be delivered at the offices of the Board not later 
than Eleven a,m. on ar 20th June, 1922, 

The Board do not bind je wl ag the 
lowest or any Tender. w. MOO 


Olerh of th 
Offices of the Board, ri we 
New River Head, 
173, Rosebery Avenue, B.0. 1. 


lst Tune, 1922, U 400 





THE SOUTH Outta wat COM PARY, 
are prepared to receive 


enders for the Su upp! of 
LOCOMOTIVE DUPLICAT ARTS, 
SWITCHES and CROSSINGS of 60-lb. B.H. Rails. 
Specifications and Forms of Tender will be avail- 
able at the oe Offices, 91, Petty France, 


to the Chairman and may be eo 


ef the South Indien Rall 
marked “ Tenders for Leoometive De ee ho” 
or as the caso may be, must be left Pehn the r~ 
later than Twelve noon on , the 
June, 1922. 


The Directors do not bind th acce 
+ lowest or oo Raga ge baarcmncitce ad bad 
charge, whic! not be ret " 
‘the drawings mag be wet 
= be _— at the 
HITE ARTNERS, 
neers to the Company, 3, Victoria 
neter, 8.W.1. * 
Te 
nce, §.W,.1, 
6th June, 1 


are: 


AIBBAIRN, 
ety issued Wanies Sig Posters out Office 








—— ————————————— 
ee a ee ee 


ers for the Dredging 


an BerRABOR CHANN 


the 
Nassau, New Providence, Speci: | BAL 
Hon and Form of Tender ma be obtain rom the 
of ENTS FOR a4 
COLONIES, 4 Milton Westminster, 8.W. 1 
deposit of Ten Pounds, — will be returned bo 
598 | receipt of a bona Piracy. 
Further enquiries should be addrersed to Mr 
8. R. H. a Harbour ea Nassau. The 
te net quantities to be removed are 
at 468,000 cuble yards of limestone and 
corallime rock and 615,000 cubic yards of sand, 
The depth to be dredged over the bar is 27 ft. at low 
water and the range of tide does not exceed 4 ft. 
Tenders will be opened in Nassau on 15th July | una 
1922. 





MIDLAND GREAT WESTERN RAILWAY OF 
IRELAND COMPANY, 


STEBLWORK k FOR BRIDGES. 


The Directors of above Company are prepared 
receive 


Tetras for the Supply of 


won, for Two Double line Under- 


Specification giving all 
can be had on application 
Tenders, sealed and “ Tender for Steel- 
work,” must ed addressed’ to the 
Chairman, seo ae Great Western Railway of 
Ireland Com: Broadstone Terminus, Dublin, 
pe eee Biss net later than Monday, 19th 
ane, 1922. 
Directors do not bind themselves to accept 

the lowest or any Tender. 
PHROY A. ar 


ecretary. 
Broadstone Terminus, Dublin. 
2nd June, 1922. Ua 


Jculars, and Dnwing, 
the undersigned 





VICTORIAN STATE RAILWAYS. 


THB seme OEE eral — & VICTORIA, 
AUSTRALIA, invi 


[lenders for the Supply 


and DELIVERY C.L.F. Melber, 
inclusive of Australian Oustoms 
the followi 
Oowrract 


full 
Duties, &c., 
0, 34212. 


Approximately 2687 tons 80 lb. STEEL RAILS. 

Approximately 2200 tons 100 Ib. STEEL RAILS. 

Approximately 124 tons FISHPLATES for 
80 Ib. Rails 

Approximately. 100 tons FISHPLATES for 

00 Ib. Rails, 


8 fications, Conditions of Contract and Forms 
ender may be obtained by bona fide Tenderers at 
the Offices the Consulting Engineers, Messrs. 
onn Coates & Co., Ltd., Victoria House, Melbourne 
lace, Strand, London, W.0 2, Tenders must be 
delivered to the Agent-General f for Victoria, Victoria 
House, Melbourne Place, Strand, London, W.C. 2, 
hot later than Eleven a.m., on Wednesday, 28th 
ae 1922, marked * Tender for Steel R: Is.” A 
liminary deposit 4 ninepence per ton must 
Soomennd each Tend 
The Government jon not bind itself te accept 
the lowest or any Tender. 
(Bigned) JOHN McoWHAB, 
ent-General for Victoria. 


Victorian Governmen' ‘Office, London. U 419 





GREAT SOUTHERN & WESTERN RAILWAY 
IRELAND). 
CONTRACTS 1922. 
The —— of the Great Southern and Western 
Railway Company are prepared to receive 


[lenders for the Suppl Ly 


undermentioned STORES 
commencing Ist July, 1922. 


No. of 

Form. 
Acid, Betetvate + 8D 
Asbes aunsecatan 


e Months 


Ho. of 
Chet and China Sun- 


eaten (Sundry) 
tote Rubber Goods 
mplements, ben aod 


ine Tu 


. 273 
aa eee 17 
Baskets 
jolts. N Nuts and Rivets 
3rooms and Brushes 
Fittings... 


Fittings for me 
Do. do. for “Water 264 io. Keys 


Do, do. for Gas ... 268 
Canvas and Sacks .., 


one 





and 


Re Cloths . 
8 S Wire aay ll 
Screws and — 
Tin a 


Waste 
Wicks ... oes 
vindatenes tee ove wae "pen 


e Sheet, and 
= he e» 2374.1 Wirework 


of ts: each trom the STORMS SUP Emre 
\e e ERINTENDENT, 
ENERAL STORES DEPARTMENT, G.S. & W. R. 
tenn ond DUBLIN. App lications for forms by 
must cabprrmme g ed by Postal Order, Stamps 


All iries f 
ee Fame ~ u — ‘or information 








tendent. 
may be inapected ot th ~ he General Stores Tender. 


on and after the 9th 


whereas ae th 
hours rae a.m, and Ne = (except P| 


Tenders must be enclosed in the special envelope 
each ule 


of the] ene 


orm. aw agg 








SIAM STATE Ri RAILWAYS. | 


A a oan ~ Invited for the 
dag eS of BEIDGHS BA. 900. of STEEL 


Misoations ead Deawi obtained 
aw of £1 To, trom "ens, c. P. 
oe Grosvenor wW.1. 
enders, with the inseription 


, 8. 
“Tender for 
= a ae ly of of ‘Superstructures of | — bene 


a Teheee office in Bangkok, Siam, in iy wl be 
received up to Two p.m. on the Ist da: 
1 at which — hour the Tenders Sill t will be 
publicly opened and read 
Right is reserved to re: ject any or all Tenders and 
any Tender which, én the opinion of the 
sane is to the interests of the Siam State 


GENERAL bled pry eso 
of State tate Railways. 
Department of State iallways 
Bangkok, 
13th April, 1922. 


Railways. 





U 403 





METROPOLITAN WATER BOARD. 
TENDERS FOR THE SUPPLY OF STORES, &c, 
The Metropolitan Wat Water Board in 


[renders for the Suppl; ly of 
the yam ge ge me — Vv. 
for the of ti six or nine pon 
commen ~] tet July, 1922, as the Board may 
decide :— 
Tender No. 
8. Iron and Steel. 
10. Lead, Brass, Copper, aes. and Glass. 
20. Screw down Stop Ferrules and Valves. 
a Sluice Valves, Bronze and W,I. Spindles. 
Tenders must be made on official forms, which 
may be obtained from the Chief Engineer, New 
River Head, 173, Rosebery Avenue, E.0.1, on and 
after Thursday, 25th May, by —— application 
(Room 150) or upon Serwestina stamped addressed 
brief envelope. 
Applicants sbould refer to the suas of the 
Tender for which forms are required 
Tenders enclosed in sealed “envelopes, addressed 
te the “‘ Clerk of the Board” Metropolitan Water 
Board, New River —_. 173, aoe oy A Avenue, 
Clerkenwell, ,,B.C. 1, end ed “ Tender for ...... posses 
» must ‘be delivered at the offices of the 
— than Eleven a.m., Tuesday, 


seeereeeeaoes 


Board not 
_ June, 1 

The Boerd de do not bind themselves to accept the 
lowest or any Tender. 


W. MOON, 
Clerk of the Board, 
Offices of the Board, 


New River Head, 
173, 3, Rosebery Avenue, B.0, 1. 


26th May, 1922 U 361 





BOROUGH OF REIGATE. 


The Town Council of the said Borough invites 


enders for :— 


(1) DIESEL ENGINES and SINGLE PHASE 
ate erected complete with 


(2) TWO S STREL TANES, 20 ft. diameter, for | Ew 


torage ; 
1 t)) m1 a, «4 jOVBREBAD TRAVELLER, 


ry G. in, ler electric motors ; 
® Alin 10 n position of of EXISTING 
CASTARON WAT 


General Conditions, Specifications ane Forms of 
Tender may be -obta! as 
Engineer, Mr. OC. WorpinenaM, C.B.E 
M.Inst.C.B., 7, Victoria Street, Westminster, 8. Ww. 
and 11, Mosley Street, Manchester, as follows:— 

Contract No. 1, upon deposit of Three Guineas; 
extra copies One Guinea Fy 
Contracts Nos, 2, 3 and 4, upon “deposits of 
One Guinea’ each ; extra copies 1 each. 
Dogue only) will be returnable on receipt of 
ers. 

Sealed Tenders, endorsed Tender and No. of 
Contract, to be addressed to the undersigned at the 
— —. Reigate, must be delivered 

han Ten a.m. on Pueeday, 27th June 


The Council doesnot bind Itself to accept 
the lowest or any ay 


By Order, 
ALFRED SMITH, 
Town Clerk. 
Municipal Buildings, 
Reigate 


ist Jone, 1922, U 402 





STATE ELECTRICITY COMMISSION OF 
VICTORIA. 


TENDERS FOR PLANT. 


[lenders — are re 
a Invited for the SUPPLY, DELIVER ¢ 
mee" of the following for “the Morwe 


Copies of Tender Form ont 1 Specification will be 


5 
vailabl lication to 
71 i v AGENT-GRNBRAL F FOR VICTORIA, 


Sacre 
» W.C. 2, 
Sprorricationx No, _ 

ALUMINIUM STEBL CORED CABLE AND 

ACCESSORIES. 

Carex :— 

£2 2s. for the first two 
Conditiens of ao and 
These my 

tender, A third copy 

will be supplied for the sum ot 10s. 
PRELIMINARY Deposit :— 

A Preliminary Deposit of £100 is to be lodged with 

The 2 Semiotics may be inspected at the above- 

™The “ye does not bind iteelf the 
lowest or any tender, er 


Tenders may be sent by cable to the Commission 
to reach a em by Hove. 1ith June, 1923. Cable 


tenders on 
the mail 


of Tender Form, 
complete, 

receipt of a bong 
any farther copies 





GREAT WESTERN RAILWAY. 
The Directors of thid SSompeny sc8 progared te 


(Tenders for the. Construction 
of a RAILWAY between Clydach and ~ 
Pontardawe, near Swansea—total length about 
three miles. 

Plans and § fication may be seen and Forms of 
Tender and Bills of Quantities obtained at the 
office of the Engineer, at this Station, between the 
hours of Ten a.m. and heel ee 

Tenders addressed to theu ersigned and marked 
outeide ‘‘Tender for Clydach and Pontardawe 
a will be received not later than Ten a.m. on 

aang es 4th July next. 

Tithe irectors do not bind themselves toaccept | 
the lowest or any Tender. 

A. E. BOLTER, 


j ; Secretary. 
Station, London. 
June, 1922. 


Paddin, ; 
1t U 4235 | 


APPOINTMENTS OPEN. 
SOKE OF PETERBOROUGH BDUCATION 
COMMITTEE. 


A plications are Invited for 

© POST of HEAD MASTER for the © 
— Technical School, he + a ‘h. ‘an 
scientific 





Candidates must have 
e eerin fatning with teaching experience. 
per arge® ng by annual 
increments of 225 to maximum of per 
annum. 
Forms of mane a which must be returned to 
the undermen later than the 17th June, 
hen obtained on ee of a stamped addressed 
fodlscap envelope from 
WALTER J. DEACON. 
Clerk to the Committee, 
Baducation Offices, 
borough. 
lst June, 1992 


and = 


Coun’ 


U 396 
( \eneral Manager Wanted 
for the manufacture of the 11°9 Dawson 

Light Car. Good a nad and capable adminis- 
ed required. Previo rience essential.— 


Apply, 7 EB DAWSON M R COMPANY, te 
Leadenhall Street, London, E.C. U 397 


MM 222¢er Required for Dock 
and ENGINE 


ING. WORKS abroad. 
Climate excellent, 

















Works’ 





White labour only employed, 
1600 men engaged in —— and repairing vessels, 
and in Marine gineering 8 hops connected there- 
with. Write in first instance, confidentially, stating 
cre, “ey ex ende, and other particulars to 
4TEELOW & S6ons, Ltd., Great 
Winchester Street, B.C. U 422 
(Chartered Patent Agent, lar, e 
provincial city, DESIR ASSIST 
Must have technical and business qualifications ~ 
be able to act as Manager. Salary (commenci 
2360-2500 aceording to qualifications. agen 
should state age and furnish 
education and business ex ce. a 
for suitable man. — Ad , U 416, prevpet of 
GINEERING. 
DERBY coynsz Si MICKLEOVER, 
Tie Committee of V of Visitors invite 
A Pp lications for the Post of 
BSIDENT ENGINEER. 
Pe ges re to have a thorough knowledge of 
Light Installation and ye Seneral 5 
Building Trade, and able to supervise th 
ag yy the Asylum. 

r AU, with House, Coal, Gas 
and Gorton, subject to the provisions of the Asylum 
Officers’ Su nn Act. 

The appointment will be subject te three months 
ican” cing 
ns, 
gupetionce with not = | 
testimonials, must be marked “ Resident Boer 
= sent in, addressed to the undersigned, not later 
than 17th J) a vas. 
HUGHES-HALLETT, 
* Sterk to the Asylum Committee, 
— —— Gate, 
. - Derby, 
26th May, 9. U 352 
G team Efficiency Engineer 
WANTED for s large Factory in the 
Argentine, The applicant must have a thorensias 
theoretical and practical knowledge of steam a 


be conversant with the usual recording or 
measuring instruments and from the information 
obtained from these able to work the boiler plant 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue Institution of Mechanical Engineers begins 
its summer meeting in Paris on Wednesday, the 
14th inst., and on that day and the following various 
papers will be read and discussed; these meetings 
will be held in the building, 19, Rue Blanche, of 
the Société des Ingénieurs Civils de France. In 
the afternoon of these days, and on the following 
Friday, the 16th inst., visits are to be paid by the 
members to works in Paris and in the suburbs. In 
our issue for May 26, we commenced our account 
of the establishments in question by an illustrated 
description of the works of the Société Anonyme, 
Renault ; in our last week’s issue we gave illustrated 
descriptions of the works belonging to the Société 
Générale de Constructions Mécaniques, and of those 
of the French Babcock and Wilcox Company; in 
our present issue we are continuing the series, with 
illustrated articles on the André Citroén Establish- 
ments, the Works of the Nord-Paris Company, 
and the Levallois Works of the Hotchkiss Company. 
We shall complete the series in later issues. 





THE ANDRE CITROEN ESTABLISH- 
MENTS. 

THE particular works belonging to M. André 
Citroén which are briefly described in the present 
illustrated article are those which are situated 
Quai de Javel, on the left bank of the River Seine, 
in the south-west district of Paris. They are 
connected to the State Railway system by several 
sidings, and have at their disposal a harbour or 
landing stage on the river opposite the works’ 
entrance, for the supply of coal and other bulky 
material. The site has an area of about 30 acres, 
of which about 20 are covered by the various 
shops, offices and buildings. These are shown in 
the plan Fig. 1, annexed. 

The works are of quite recent installation. A few 
months before the war, the site was chiefly occupied 
by a number of shops belonging to the Aciéries de 
France and by old tenements, the remainder being 
vegetable gardens. The site was acquired by 
Mr. Citroén in 1914, and the buildings were put 
down progressively but very rapidly; during the war 
they gave occupation to about 14,000 operatives and 
were actively engaged in the manufacture of 75-mm. 
shells which were turned out at the rate of 50,000 
per day. They have been converted since the war 
into an admirable establishment for the construction 
in series of 10-h.p. motor cars, as many as 60 of 
these cars being built at the present time regularly 
day by day. We need not in the present article 
describe in detail the Citroén car; it is of a well- 
known type, and numbers of them are in service 
not only in Paris, but in the London streets and 
throughout the world. 

With reference to the Citroén Javel works we 
may state in the first place that all the shops are 
roomy buildings, well lighted, ventilated, and heated 
during the winter months; all are one-storey 
buildings, an arrangement which has greatly facili- 
tated their equipment, but some of them are 
provided, for greater convenience, with under- 
ground compartments containing, as the case may 
be, prime movers, tanks, piping or electric current 
mains, thus rendering the shops above entirely free 
for an extensive output. 

The particular shops which during the great war 
were engaged in the manufacture of war material 
have maintained their general appearance, although 
in many instances their foundations, the piping for 
steam, compressed air, &c., their electric current 
leads, their means of access, and so forth, have 
been modified in order better to meet the con- 
struction of motor cars. 

Current is supplied to the works by one of the 
Paris generating stations, in the form of 12,300-volt, 
42-period two-phase current, over four wires; it is 
transformed down to 220 volts in four transformer 
stations in the works. The main transformer 
station—with an aggregate rating of 4,000 k.v.a.— 
contains the incoming switchboard, the transformers 
and the outgoing current switchboard. On the 
incoming side are three cables, one being a spare 
cable. The capacity of each cable is 3,700 k.v.a.; 





the two working cables deliver in parallel on bus- 
bars to which are connected the transformer sets 
and two high-tension leads for supplying the 
secondary transformer stations. The transformer 
sets in question are of 500 k.v.a., there being two 
single-phase transformers of 250 k.v.a., 12,300 volts 
to 220 volts. There are eight sets of 500 k.v.a., 
which deliver in parallel on secondary bus-bars, 
the distribution being by armoured cables having 
a capacity of about 200 h.p., working two in parallel, 
contained in a conduit and ending at the points 
where the current is utilised, there being 102 cables 
of an average length of 500 ft. Owing to the 
extension of the works, it was; found) necessary 





over 100 gallons per minute at the same pressure. 
These 12 pumps, 4 of which are in constant working, 
are connected to two accumulators of 155 gallons 
capacity, having a travel of about 20 ft. and a 
total load of 180 tons. Two other similar accumula- 
tors are asastandby. The hydraulic plant supplies 
17 hydraulic presses, there being among the larger 
ones 2 twin-presses, each of 320 tons for flanging 
the chassis frame plates; 9 single ones of 160 tons 
for flanging the chassis transversal members and 
accessory parts ; and 2 of 100 tons for stamping and 
cutting out accessory motor-car component parts. 
The coal and coke stores are practically in the 
centre of the works, and consist of a large quadrangu- 
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to put down subsequently three other stations | lar store tank, having an area of about 8,000 sq. ft. 


supplied with high-pressure current from the main 
station. Of these, one is completely equipped for 
2,000 k.v.a.; a second, designed for the same 
power, is at present equipped for 1,000 k.v.a. ; 
whilst the third, designed for 1,000 k.v.a., is equipped 
for 500. A wattmeter is connected on the high- 
tension side of the system to register the total power 
used in the works, which is now 2,500 kw. The 
number of electric motors in service is about 1,100, 
their power varying from 0-3 h.p. to 250 h.p. 

At this place we may conveniently deal also 
with the hydraulic power supply throughout the 
works. A hydraulic power station is equipped with 
12 pumps, namely 8 double-barrelled, 2-3-in. pumps, 
running at a speed of 135 r.p.m. and delivering 
100 gallons per minute at a pressure of 1,900 Ib. per 
square inch, 4 treble-barrelled 3-7-in. pumps, 
running at a speed of 48 revolutions, and delivering 





and served by normal gauge tracks and cranes 
equipped with automatic discharging grabs. 

The shop in which the chassis frame plates and 
transversal members are stamped out, measures 
295 ft. by 85 ft., and is equipped with flanging 
presses, the largest of which are the twin presses 
above referred to. Besides these heavier machines, 
there are numerous others of less power. The 
plate-heating furnaces are seven in number, two 
being fired with producer gas and five with pul- 
verised coal, In the same shop are pressed out the 
rear drive casings, the brake drums and, generally, 
all the larger pressed work entering in the con- 
struction of the chassis. The chassis frames are 
riveted together at one end of the shop. This is 
further equipped with all the necessary shearing, 
punching and drilling machines for the chassis — 
plate work, this including the chassis for all the 








706 


ENGINEERING. 





[JUNE 9, 1922, 








motor cars of 10 h.p. and 5 h.p. built by the firm. 
The chassis frame plate shop is illustrated in 
Fig. 2, on Plate XXXVII, published with the 
present issue, 

A separate shop adjoining (Fig. 3, Plate XX XVII) 
is set apart for the cutting out and shaping of all 
lighter plate and sheet work, such, for example, as 
mud-guards, engine bonnets, &c., all parts required 
both for the chassis proper and for the car bodies. 
The machines are arranged in several rows down 
the shop and are electrically driven in groups by 
overhead transmission. Close to both these shops 
are the plate and sheet stores. 

One of the numerous interesting shops in close 
proximity is that in which the heat-treatment: of 
different mechanical parts is carried out. All the 
furnaces are in a line down the shop adjoining each 
other. First in the series are the cementation fur- 
naces ; the parts requiring this treatment are placed 
in the furnaces in boxes, in a mixture formed of 
40 parts of carbonate of baryte and 60 parts of 
charcoal. They are heated up to 950 deg. C. and 
are allowed to cool down gradually in the furnace. 
Then follow series of furnaces for heating pieces 
which have to be hardened in water, oil or lead, as 
the case may be, depending upon the class of piece 
dealt with, and also annealing furnaces, &c., all of 
which are provided with the necessary pyrometer 
equipment. There are in all 14 furnaces supplied 
with gas from neighbouring producers, there being 
one producer between each two furnaces. There 
are also salt bath and other furnaces, the latter 
being fired with town gas. A view in this shop 
is reproduced in Fig. 4, Plate XX XVII. 

In the same shop, but separated from it by a 
partition, is the department for the turning of the 
stamped crankshafts, camshafts, pinions, and all 
other component parts of the engine gearing, the 
machines being driven in groups by overhead trans- 
mission. Before reaching this department, al! the 
mechanical parts after their heat-treatment are 
carefully cleaned by sand blast in a separate building. 

The spring shop is close by. In this there are 
eight furnaces, two fired with gas from adjoining 
producers and six fired with town gas. The leaves 
forming the springs are given the required shape, 
are hardened and annealed, then assembled and 
tested both for flexibility and with petrol for reveal- 
ing any defect which may have developed in the 
hardening process. 

The stamping department, in which the crank- 
shafts, &c., are produced, has an area of about 
48,500 sq. ft., and contains the following plant : 
Eight compressed air hammers, varying in power 
from 3 cwt. to 3 tons, and three pneumatic auto- 
matic hammers of 7 cwt., 10 cwt. and 20 cwt., 
served by furnaces heated with pulverised coal. 
There are, further, eleven flexible belt drop-stamps 
of 6 ewt. to 30 cwt., also served by furnaces heated 
with pulverised coal; six forging machines, four of 
which are of the “ Acme” type, of 50 h.p., served 
by two heavy oil-fired furnaces. In this shop there 
are in all 26 furnaces, six are fired with heavy oil, 
seven are coal-fired and thirteen are heated with 
pulverised coal. It also contains hot saws and 
accessory plant for trimming and grinding the 
pieces, cutting them to length, &c. In an annexe 
are made the stamps and dies; it’ is equipped with 
all the required machine tools for this work. 

We may here state that the pulverised coal is 
distributed from a central source to all the metal- 
lurgical shops in which it is used for furnace firing. 
Pulverised coal is also resorted to for firing the 
boilers which supply steam for heating the stoves 
for drying the car bodies after these are painted, 
as stated further on. The coal is pulverised in a 
central shop equipped to deal with 100 tons per 
24 hours, the coal used being siack of inferior quality. 

The weldless steel tube and pipe shop has an area 
of about 50,000 sq. ft. The plant consists of 
machinery for rough forging the tubes by press 
and rolling mill, and a cold-drawing installation 
with annealing furnaces and pickling plant. A 
250-ton press drives a hole through the billets, 
which are heated in three pulverised coal-fired 
furnaces, the billets being further drawn at the same 
heat under a second hydraulic press of 135 tons. 
The hydraulic installation has a set of pumps 
of 200 h.p., combined with accumulators of 145 





gallons capacity. The pierced billet then passes 
through a rolling mill plant, consisting of a rough- 
ing mill having grooves of 5 in. down to 3 in., and 
@ finishing mill having grooves of 3 in. down to 
1-5 in. The cold-drawing installation comprises 
three 30-ton drawbenches, 14 similar benches of 
15 tons and 4 of 5 tons, combined with the necessary 
machinery, cutting machines, saws, straightening 
machines, &c. Annealing of the tubes is carried 
out in two furnaces supplied with producer gas. 
The tubes are pickled in tanks containing a solution 
of sulphuric acid and water, steam-heated. The 
shop is served by a 5-ton overhead travelling crane 
from the arrival of the billets to the delivery of 
the finished tubes. 

A rolling mill for sections and special steels is 
driven by an electric 200-h.p. motor; this is a 
three-high mill having four housings, the roll 
diameters being 10-6, 10-8 and 11 in., while the 
length of the rolls is 29-5 in. 

The foundry (Fig. 5, Plate XXXVII), in close 
proximity, serves for the casting of iron, brass and 
aluminium parts, and at the time of our visit, a few 
weeks ago, was in course of transformation. It 
contains two 2-ton cupolas for engine castings, two 
1-5-ton cupolas for chassis castings, two similar 
cupolas for malleable iron castings, one cupola of 
1 ton for cylinder castings, a furnace, heated by 
heavy oil fuel, for the melting of aluminium, two 
crucible furnaces also heated by heavy oil for 
brass, and five sets of two furnaces ends for 
annealing malleable cast-iron pieces. 

The compressed air required is produced in five 
air compressor stations, as follows: Three of 100 
h.p. each located in the hydraulic pressure station ; 
one of 100 h.p. located in the machining shop; and 
one of the same power in the foundry. These 
stations deliver, where needed, compressed air at a 
pressure of 85 lb. per square inch. 

The high-speed and special tool steels required 
throughout the works are manufactured in four 
crucible furnaces heated with heavy oil; there are, 
further, one heat-treatment furnace heated by 
heavy oil and two which are-fired with pulverised 
coal. 

The jig and tool shop is an important one located 
at the north end of the works, equipped with about 
200 special machine tools of various classes, and 
manned by highly-skilled workmen. Close to this 
is the shop in which the electric fittings of motor 
cars, dynamos, starters, &c., are manufactured and 
assembled. 

The machining shop and the chassis erecting shop 
which communicate with each other cover together 
an area of 295,000 sq. ft., and form in themselves 
a most extensive and admirably equipped factory. 
All component parts, either rough or roughly 
machined in the other shops of the works are 
received, stored, finished and inspected in this de- 
partment. All the machining operations carried out 
in it are classified as per series, either according to 
the metal of which the pieces are made, whether 
cast-iron, steel, aluminium, copper, bronze, or else 
according to the class of pieces. Each piece in 
the course of machining follows down the shop a 
natural sequence and reaches the opposite end as an 
accurately finished part, and is stored, or goes to the 
assembling department direct. The central bay 
of the machining department at the present time and 
owing to press of work serves as a temporary 
assembling bay for car chassis. The machine tools 
are mostly driven by overhead transmission, in 
groups, a few are separately driven, depending upon 
the nature of the work. Every piece is inspected 
after each series of operations, and when it is com- 
pletely machined is finally inspected, and stamped 
with the date of manufacture and the initials of the 
work’s inspector. In the centre of the building, 
and transversally, are series of works offices. Pro- 
ceeding down the factory, on the western side, are 
located lockers and washstands, whilst on the eastern 
side are maintenance shops and a research bureau, 
in which new inventions and devices are given effect 
to and tested under service conditions on an actual 
motor car, to ascertain their practical value before 
they are embodied in the everyday manufacture of 
the firm. Every chassis, when fitted complete with 
its engine and gear, is tested separately for two 
continuous hours on loose rollers, which emerge 








just above the floor level, the back wheels resting on 
these loose rollers and the car engine being geared 
up to its various speeds. The same roller beds also 
serve for the brake tests, and each bed is connected 
to recording dials mounted on the adjoining shop 
pillars, for registering the working of the complete 
chassis at any time during the tests. Preceding 
this testing department, and in the same building, 
are a number of bays in which the engines, the 
change-speed gear, &c., are erected, as a whole, 
upon the chassis frame, and other bays in which 
the different mechanical component parts are 
assembled to form, as the case may be, the complete 
engine, change-speed gear, &c. As above stated, 
this part of the works is an admirable self-con- 
tained factory in itself, covering in all 1,300 
machines of different types. We illustrate in 
Fig. 6, Plate X XXVIII, a series of chassis being 
erected, and in Fig. 7 on the same plate, a number 
of erected chassis ready for inspection. 

The car body department comprises a wood- 
working shop and thin sheet-working shop, and 
buildings in which are carried out the painting, 
upholstering, varnishing and touching-up of the 
finished cars, covering together a total of 350,000 
sq. ft. The car body framework is built up of bent 
wood and steel sheets, this being carried out in 
one and the same shop, in which the tested chassis 
complete enter at the eastern side and gradually 
follow up to the opposite end as the work upon each 
progresses. The shop, a view of which is reproduced 
in Fig. 8, Plate XX XVIII, is completely equipped 
with joiners’ and sheet steel-working benches, each 
chassis having its own gang of two or three opera- 
tives, who fit body up complete as far as their own 
special duties are concerned, and push the chassis 
forward for the further stages in the body work. 
From this shop, the so far completed cars—which 
at this state of progress only lack the upholstery, 
hood, outside and inside car fittings—are wheeled 
to the paint shop where they are coated in 11 
separate compartments with three coats of paint 
applied with the spraying device, whence they are 
placed in steam-heated drying stoves opposite the 
painting compartments. Several of the drying stoves 
are double, one stove being above the other, and are 
served by an electric lift, as shown in Fig. 9 on 
Plate XX XVIII. 

The upholstery and leather fitting shop combined 
is close by, and in this the cars are finished ready 
for delivery after they have been varnished and 
touched up in every car-body detail part. 

The finished cars then enter the delivery sheds, 
a series of well-lighted buildings, which temporarily 
contain the cars ready for service in France, and 
those for export. The delivery sheds are in direct 
communication with the French State Railway 
system by a siding. 

Apart from the heat-producing plant above 
referred to, we may mention the heating instal- 
lations which serve for manufacturing purposes 
and also for heating a number of shops and the 
offices during the winter. Five steam boilers are 
used for supplying steam to the stoves for drying 
the painted and varnished car bodies, and at the 
same time for heating the upholstery, finished car 
and other neighbouring buildings in cold weather. 
Another boiler supplies the steam for heating the 
enamelling baths, and also the enamelling shop 
during the winter months. Still another boiler 
supplies the steam for heating the tube pickling tank. 
There are 12 other boilers for heating the shops and 
offices, by low-pressure steam, or by hot water 
circulation in some instances. Another boiler 
supplies hot water to the washstands in the shops. 

A car repair department, a building having an 
area of 60,000 sq. ft., is to the east of the works. 
On their arrival in this building, the cars are ex- 
amined to ascertain what repairs are required, when 
every part is carefully listed. The cars are then 
washed down and take their place in a waiting 
garage affording accommodation for as many as 30 
cars. There are several gangs of specialised opera- 
tives for dismounting and reassembling the cars, and 
for repairing the engines, change-speed gear, steer- 
ing, &c., each part being made good again with equal 
care and attention to that shown in the manufacture 
of all new parts. Special machine tools are provided 
for machining any piece as needed. The department 
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and the load carried 36 cwt. A movable platform 
forming part of the car and operated by a 0-7 h.p. 
motor, enables a box containing the above weight 
of 36 cwt. to be lifted 3 in. from the ground in 10 
seconds. The cars carry Edison iron-nickel storage 
batteries, of 21 elements, having a capacity of 225 
ampere-hours. The batteries are charged three 
by three in series, at 110 volts, the continuous 
current being supplied by a 200-kw. rotary converter. 

We illustrate in Figs. 10 to 12, annexed, 'a 
10 h.p. Citroén chassis showing the engine, the 
control gear and the chassis complete. 

In a former article (see ENGINEERING, vol. oxi, 
page 234), we gave an illustrated description of the 
Kégresse motor car for transport in snow, built at 
the Citroén works. A most interesting application 
of this, the Kégresse-Hinstin car, fitted with an 
endless chain and gear similar to that we referred 
to in this former article, can be seen hauling in the 
yards of the works loaded railway wagons weighing 
Fie. 12. 10-H.P. Crrroiw Car Cnassts. 60 tons. One such machine, we were told, can easily 
haul in a straight line several wagons loaded up to 
90 tons. The car is simply a 10-h.p. ordinary 
Citroén motor car chassis, fitted with the gear in 
question and with a drawbar at the rear end.( It 
|can run on any road surface and forms a most 
| advantageous substitute for the driven capstans 
which were previously resorted to for the same 
yard service. On starting to haul an extra-heavy 
railway wagon, the starting effort tends to lift the 
front wheels of the car slightly from the ground, 
but these soon fall back again, the ingenious device 
working admirably in every way. In the car thus 
equipped for haulage purposes, the differential gear 
can be locked and unlocked at will, it contains an 
operated speed-reducing gear, and steering is by the 
endless chains combined with the front wheels. 
The view, Fig. 13 annexed, illustrates a Kégresse- 
Hinstin tractor in service in the yards of the 
| Citroén Quai de Javel works. 
| Another very interesting department of the works 
|is the laboratory which was inaugurated in June, 
1917, by Mr. Léon Guillet, the well-known French 
metallurgist. It is most thoroughly equipped for 
ithe carrying out of chemical analyses of all the 
| different materials used throughout the works, and 
for all classes of physical researches and mechanical 
tests; it also contains a department for micro- 
graphic investigations. Combined with the labora- 
tory is a scientific library, and a room in which 
lectures are delivered periodically to members of 
the staff, engineers, foremen and operatives. 

At the present time the Quai-de Javel works of 
Mr. Citroén above briefly described give employment 
c to about 6,000 operatives, of whom about 900 are 
can contain 200 cars in various stages of repair,| The transport service between the various shops | women. 
including the section set apart for renovating the | throughout the works is insured by 24 electric| Besides these works, the Citroén establishments 
car bodies which comprises a complete painting, | cars, of the Elwell-Parker type ; the traction motor comprise works at Levallois, which occupy a site of 
varnishing and enamelling installation. for driving them is of 1-6 h.p., the speed 8-7 m.p.h., | 720,000 sq. ft., about half of which is covered by 
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shops and buildings. These are set apart for the 
present mainly for the construction of 5-h.p. cars. 
The machine shops contain about 600 machine 
tools. The heat treatment department is equipped 
with gas-fired furnaces, there being three for harden- 
ing and annealing, two cementation furnaces, and 
four separate annealing furnaces. The car-erecting 
shop and an annexe cover close upon 4 acres, and 
are supplied with the component parts of engine, 
gear, &c., which are assembled for fitting to the 
completed chassis. A brass and aluminium foundry 
contains four heavy oil-fired furnaces, and coke- 
fired furnaces for chill castings. The total power 
is about 1,900 h.p., divided over 120 electric motors. 
The method of working is similar to that followed 
at the Quai de Javel works, manufacture in regular 
sequence, inspection of each single part after each 
single operation, final inspection on completion, 
and full tests in service conditions until the car is 
ready for delivery. 

A special forge and stamping department is at 
Suresnes, occupying a site of roughly 150,000 sq. ft., 
two-thirds of which are covered by shops, these 
containing 13 hammers varying in power from 
3 cwt. to 30 cwt. for rough-forging machine parts, 
which are then finish-stamped under flexible belt 
stamps. There are 12 of these stamps weighing 
from 5 cwt. to 80 cwt. The dies and stamps are 
manufactured in an annexe. The department is 
completed by a heat treatment and grinding 
shops. 

Saw mills and timber depots are at Issy-les 
Moulineaux, in communication with the Seine. 
Here are stocked all the classes of timber used in the 
various works, there being a large selection of wood- 
working machinery. The site has an area of about 
100,000 sq. ft. 

Before dealing with the construction of motor cars, 
Mr. Citroén put down, as reported in a former issue 
(see ENGINEERING, vol. xcii, page 352), gear-cutting 
works which, since our description in September, 
1911, have been greatly extended. They now 
manufacture not only gearing of the largest sizes for 
outside works and plant, but also special gearing for 
the different Citroén establishments. 





THE WORKS OF THE 
COMPANY. 

Tue works of the Nord-Paris Company are at 
Aubervilliers-La Courneuve, at a short distance 
from those of the Société Générale de Constructions 
Mécaniques and on the opposite side of the Northern 
of France Railway. The two works are owned by 
the same Board of directors, and may be said to 
complete each other. 

The Nord-Paris establishments were started in 
1873 in a small way as a smithy, by Mr. G. Sohier, 
who gradually developed them up to the year 1916 
for the manufacture of machinery and structural 
ironwork. In the latter year, the needs of the war 
led to an enlargement of the then existing plant 
and to the addition of a steel works, an iron foundry 
and a large engineering shop. Further, dating 
from 1921, the Sohier establishments were given 
their present name, after having been taken over 
and reorganised with the financial aid of the Forges 
et Aciéries du Nord et de l'Est, the Société Générale 
de Constructions Mécaniques briefly described on 
page 680 ante, and the Compagnie Générale Elec- 
trique de Nancy. 

The Nord-Paris works as they now stand occupy 
a site of about 98,000 sq. yards, of which about 
half is covered by various shops, offices and other 
buildings. They are connected with the Northern 
of France Railway system by several sidings, and 
they give employment at the present time to about 
1,200 workmen. 

The current for power and lighting is supplied 
by three transforming stations which take two- 
phase current at 12,000 volts, 42 periods, from the 
town power station (the Société d’Eclairage et de 
Force par l’Electricité). Two of the transforming 
stations, of each 350 kw., supply current for power 
at 220 volts and for lighting at 110 volts. The 
third contains a 500-kw. converter set which 
supplies continuous current at 220 volts for the 
overhead travelling cranes. The electric motors 
throughout the works number 300, varying in power 
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Fie, 1. View In 
from 2 h.p. to 165h.p. An emergency power station 
contains a 200-h.p. Diesel engine coupled to a two- 
phase generator of 175-kw., 230 volts, 42 periods. 

The iron foundry, a building 660 ft. in length, is 
equipped with a cupola having a capacity of 10 tons 
per hour, three of 5 tons and one of 2 tops. It 
is illustrated in Fig. 1 on the present page. The 
cupola blast is supplied by a series of blowing engines 
driven by 55-h.p. and 32-h.p. engines. The foundry 
can cast 800 tons and upwards per month, in pieces 
weighing up to 50 tons, both in sand and chill cast. 
The castings made include not only the beds, | 
frames, flywheels, &c., for Diesel, gas and other | 
engines built by the Société Générale de Con- 
structions Mécaniques, but also rolls and housing 
frames complete and other machine parts for 
outside rolling mills. 

The steel works adjoin the iron foundry and have 
a capacity of 500 tons per month ; the plant consists 
of two cupolas of 3 tons per hour, two acid Bessemer 
converters of 1-5 tons, and one 1 ton and one 8-ton 
basic open-hearth furnace. There are two blast 
engines ; a rotary blower delivering air at a pressure 
of 50 cm. height of mercury column, at 500 r.p.m., 
driven by an 85-h.p. engine, and a turbo-blowing set, 
drawing 90 cub. m. of air, delivering it at a pressure 
of 5 m. height of water column, the turbine being of 
165 h.p. The steel works also comprise a number 
of moulding machines for the manufacture of pieces 
in series and an annealing furnace. The fettling 
shop is close to the cupolas. 

The iron foundry and the steel works are served 
by one overhead electric travelling crane of 50 tons 
with an auxiliary 10-ton crab; three of 15 tons; one 
of 12 tons; two of 12 tons with an auxiliary 4-ton 
crab; one of 5 tons provided with an automatic 
emptying grab ; two of 4 tons, and a number of other 
cranes of different types. A compressed air station 





supplies the necessary air to fettling apparatus and 
hammers. There are, further, a sand blast instal- | 


Tron Founpry. 


munication with the fettling stations. The machinery 
with which it is equipped can deal with the heaviest 
castings, such, for example, as flywheels up to about 
40 ft. in diameter and pieces weighing up to 100 tons. 
Its capacity is about 400 tons of machined parts 
per month. It is served by two 50-ton overhead 
electric travelling cranes having an auxiliary 
10-ton crab, a similar crane of 15 tons, one of 
8 tons and two others of 5 tons each. Among the 
larger machine tools may be mentioned six face- 
lathes having up to 19} in. height of centres ; four 
vertical turning and boring machines, the distance 
between the standards of which varies from 4 ft. 
3} in. to 15 ft. 3in.; five special heavy lathes for 
turning rolls ; and a number of large drilling, milling, 
boring, planing and other machines. The rolls 


| are made in the works both of cast-iron and cast- 


steel, and are erected in their respective housings 
before delivery. Fig. 2, page 709, is a view in the 
roll-turning shop, whilst two views in the heavy 
machine shop are reproduced in Figs. 3 and 4 on 
Plate XX XIX. 

Another machine shop, shown in the two views 
Figs. 5 and 6 on Plate XL, is set apart for the machin- 
ing of all lighter work; it is served by three 5-ton 
electric overhead travelling cranes. It has acapacity 
of production of 200 tons per month. It is equipped 
with 30 lathes, six vertical turning and boring 
machines, besides a large number of drilling, milling, 
planing, gear-cutting and other tools. A portion 
of this shop serves for the erection of lead rolling 
mills, coal pulverisers, small air compressors, 
rolling-mill accessory plant such as shears, punching 
machines, &c. 

A shop for the manufacture of rolling-stock is 
close by and is equipped for the machining of iron 
and steel castings and other pieces entering in the 
building of wagons. At the present time this shop 
is set apart for the assembling of superheaters for 
various classes of steam supply installations, the 


lation and an electric and oxy-acetylene welding | construction of agricultural tractors, &c. A smithy 


apparatus. The pattern shop is common to both | 
the iron foundry and the steel works. It measures | 
165 ft. by 130 ft., is in three bays and contains 
a complete series of wood-working machinery. 


The heavy engineering shop is in a line with the | 
foundry and steel works, and is in indirect com- | 


contains a 10-cwt. hammer driven by compressed 
air, and two flexible belt drop-stamps of 10 cwt. 


er 4 cwt. respectively. 


At Le Bourget, a distance of about 2 miles from 
the Nord-Paris works is located a structural plant, 
completely equipped for the building of all classes 
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of steel structures, including bridges, the framework 
of overhead travelling cranes, pit gear, &c. 

The various departments are completed by a 
laboratory for chemical analyses and physical 
tests. 

An apprentice school gives practical instruction 
to as many as 80 boys at a time; it is under the 
charge of the different foremen, and on leaving the 
school, the boys are distributed among the various 
shops to continue their experience in the different 
crafts for which they are found to be suited. 








PATENT OFFICE METHODS. 

CONSIDERABLE discussion has arisen lately in 
several quarters as to the delay occasioned in 
obtaining the grant of Letters Patent. There is 
no doubt that this exists, and there are several 
reasons to account for it. In the first place the 
Patents and Designs Act of 1919 increased the time 
within which complete specifications might be 
lodged after provisional specifications had been 
filed from six months to nine months with a possible 
extension of a further month on payment of fees. 
Although this should not affect the time taken by 
examiners in giving the results of their official 
searches it nevertheless usually increases the time 
taken for the grant of a patent because inventors 
often take advantage of the longer period allowed 
for filing their complete specifications. Some are 
not aware that this is unnecessary, and if desired 
they may file a complete specification at any time 
after the provisional has been lodged provided it is 
deposited within the period named. An inventor 
often has his invention thoroughly worked out at 
the provisional stage, but in order to secure an 








Fic. 2. View ww Rori-Turnime SHop. 


early date he does not wish to delay matters, for the 
preparation of what may be elaborate drawings. 
Under these circumstances he would be well advised 
to file a provisional specification, and then begin at 
once the preparation of his drawings and complete 
specification, lodging the necessary documents at 
the Patent Office as soon as they are ready. In 
practice, examiners deal with applications as regards 
making the search as far as they possibly can in the 
order in which they are received, but unquestionably 
variations take place when many applications 
are outstanding near the date of acceptance. It is 
certainly found that these are given precedence, 
perhaps because if this were not done, an application 
might very well be allowed to lapse or have to be 
post-dated, with the attendant disadvantage that 
someone might have arrived at the same invention 
at a date between the filing of the provisional 
specification and the date given on post-dating. 
The number of applications lodged in the Patent 
Office has materially increased in recent years, 
whilst the war necessarily had the effect of decreasing 
the examining staff. It is likely that the reduced 
staff will be increased in the near future. 

The applications for the past nine years pro- 
gressively increase from the year 1915, a large drop 
being occasioned when war was declared in 1914. 
The actual numbers are as follows :— 


1913 30,102 
1914 24,847 
1915 18,225 
1916 18,686 
1917 19,358 
1918 21,933 
1919 32,892 
1920 36,680 
1921 35,163 








Applications lodged during the present year when 
plotted against time seem to show that a further 
record is likely to be established, although one 
cannot predict at this early stage, particularly as 
during the past two years a large influx of foreign 
specifications occurred. 

The United States Patent Office is also finding 
difficulty in dealing with patent matters, it being 
shown by the Commissioner in his last official 
report that at the present time an application is 
not normally reached by an examiner until ten 
months after it has been filed. On the other hand, 
if special circumstances are shown, an application 
may be examined and the whole procedure settled 
within a month. Special treatment of this kind 
is evidently one of the reasons why ordinary applica- 
tions are delayed. On the other hand the United 
States Patent Office has to deal with very many 
more cases than the British Patent Office. The 
total number of patent applications, including 
patents, designs and re-issues in 1921 amounted 
to 93,328. This included 87,408 applications 
relating to inventions, and of these or previous 
applications 48,536 were allowed last year. It was 
reckoned by the Commissioner that at the end of 
1921 his department were 61,000 applications in 
arrear. 

Notwithstanding all -this there does still re- 
main the fact that at the present time the 
British Patent Office do not, for some reason, 
issue an Official letter giving the results of a search 
on a complete specification until a very much 
longer period than occurred before the war, even 
three or more months, and many patentees and 
‘others interested regard the pre-war practice as 
being decidedly preferable. 
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THE LEVALLOIS WORKS OF THE. 
HOTCHKISS COMPANY. 


Tae Hotchkiss Company and the work it has 
carried out are so well known throughout the world 
that {a very brief introduction to our description 
of their artillery establishment at Levallois-Perret 
will suffice. The origin of the concern dates from 
the Franco-Prussian war of 1870-71, when the 
American ineer, B.-B. Hotchkiss put down in 
the South of France, at the request of the French 
Government, a plant for the manufacture of war 
material. This plant, a few years later, he trans- 
ported to St. Denis, to the north and in close 
proximity to Paris, where it still exists after having 
been developed in succeeding years. It is at these 
St. Denis works that were built for many years 
the revolver-guns, quick-firing and other guns 
which have rendered the name of Hotchkiss a 
well-known one among the armies of many nations. 
At the death of Mr. Hotchkiss, in 1885, the business 
passed into the possession of the present company, 
which, in 1896, commenced the design of an auto- 
matic machine-gun ; this, shortly after, was adopted 
by the French Army, together with a similar one 
manufactured in the French arsenals. Later, the 
company undertook, and continues, the building at 
its St. Denis works of other specialties, among 
which may be mentioned motor cars of different 
types. When the great war was declared on a 
world at peace by Germany, in 1914, the French 
Government immediately applied to the company 
to rapidly increase the number of quick-firing 
weapons in the French Army. The time and the 
circumstances were most critical, and the appre- 
hensions entertained with reference to the 
dangerous situation of the St. Denis works, which 
the course of events soon justified, rendered it very 
difficult for effective manufacture to be carried out 
there. The French Government therefore asked 
the company to transport a part of its plant to 
Lyons, a very difficult problem, involving the 
shifting of over 400 persons and about 400 tons of 
machinery a distance of over 300 miles. This, 
however, was carried out whilst the Battle of the 
Marne was being fought. The first train left 
St. Denis on September 3, 1914, and on Septem- 
ber 8, the re-erecting of the plant was commenced 
in the works of Mr. Pilain, in Lyons. Twelve days 
after, the re-erected plant was in full working order, 
and in the course of twelve-months the whole of the 
Pilain establishment was manufacturing automatic 
machine-guns. In the meantime, the St. Denis 
works were regaining their full activity. The 
Pilain works, for their part, gradually increased their 
production in great proportions as the war pro- 
ceeded. The activity displayed by the Coventry 
establishments on the same lines is well-known to 
our readers. 

The Hotchkiss works at Levallois, which form the 
subject of out present review, were commenced 
during the war by Messrs. Clerget Blin & Co., for the 
construction of the Clerget aeroplane engines. 
They were acquired, re-equipped and enlarged by 
the Hotchkiss Company specially for the con- 
struction of automatic machine-guns, of the heavier 
and lighter types and the repeating rifle. They 
are illustrated in elevation and plan in Figs. 1 and 
2. The equipment of the works is so complete 
that the company is able to set apart several of 
its very special machine tools for the manufacture 
for outside firms of a number of intricate pieces of 
machinery, but its main activities are brought 
into play for the construction of the Hotchkiss 
guns and repeating rifles of different types. A new 
Hotchkiss repeating rifle, to which reference is 
made further on, is illustrated .n Fig. 3, page 711. 

The Levallois works comprise on the ground 
floor and in direct communication with the main 
offices an admirable shop, views of which are 
reproduced in Figs. 5 and 6 on page 720. This 
shop is covered by a saw-tooth roof, is most 
adequately lighted in every part of its area, and 
the effect it creates upon a visitor upon entering 
it from the main offices is most striking. In it 
are machined all the principal component parts 
of the three types of arms above referred to, the 
barrels, breech pieces, recuperator pistons, and so 
forth. 
modern lathes, milling machines, both automatic 


It contains a most complete series of. 





and semi-automatic, surface grinding machines, 
slotting machines, drilling and other machines, 
also complete sets of machine tools specially 
designed for the manufacture of artillery, such as 
rifling, chambering machines, &c., straightening 
presses and so forth. Most of the machines are 
driven by separate electric motors on the ground 
level or on the machine bedplate, the machine drive 
being either by gearing or by belt provided with a 
tension pulley. Those on the east side of the shop, 
specially designed for machining gun barrels, in- 
clude double-spindle drilling and boring machines, 
rifling and other machines complete. The metallic 
cartridge-feed strips are stamped out of steel sheets, 
and shaped in special presses. They are then 
heated and hardened individually, the heating fur- 
nace being fired with town gas; then follows their 
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each single machining operation performed upon 
them, and another stores in which they are kept 
when completely machined until wanted for the 
assembling of the gun. Every piece in the course 
of its manufacture and according to the work it has 
to perform undergoes a most careful heat treatment. 

Current is supplied to the works by the Secteur 
Triphasé; this is three-phase current at 10,000 
volts, 50 periods, which is transformed down by 
the company to 200 volts for power and 110 volts 
for lighting. In case of an emergency, a portion of 
the required current would be generated in a 300-h.p. 
Diesel engine set, direct coupled to a 220-volt 
machine, and located in the machine shop on the 
ground floor. This current generating set is shown 
in Fig. 4. 

The jig and tool-designing room, the costing 
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annealing in a neighbouring furnace also fired with 
town gas, the strips in this latter furnace being 
placed side by side on a kind of chain conveyor 
which travels slowly through the furnace. Both 
furnaces are equipped with pyrometer sets, the 
annealing furnace having three distributed over its 
length. The feed strips are then cleaned and 
polished by hand brushes. 

In the ground floor machine shop, and partitioned 
off, is the general tool stores containing besides 
the different tools, all jigs and gauges, carefully 
classified according to the work for which they 
are destined. Each operator is provided with these 
at his request and against a receipt. There is, 
further, a works’ inspection department, whose 
duty it is to thoroughly inspect and to pass every 
single piece as it undergoes the different processes 
of manufacture and when completely machined. 
All pieces concerning which the least doubt is enter- 
tained are placed apart day by day, and these are 
inspected by the works manager who finally decides 
concerning them. There is a stores in which the 
various gun component parts are classified after 
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offices, those in which diagrams are prepared for 
following up every single operation and keeping 
record of the progress of the work in the different 
gangs, also communicate with the machinery shop 
of the ground floor. 

To the north and facing the River Seine are the 
main offices built, as are the whole works, of iron 
framing and concrete. 

As will be seen from Figs. 1 and 2, there are three 
floors above a portion of the establishment. Access 
is had to these by double stairways and lifts for the 
staff and for machinery. For the purpose of our 
brief description of this part of the works, we may 
conveniently take the various departments they 
contain in the following order :— 

The series above the partitioned-off tool stores 
on the ground floor machine shop comprises, on the 
first floor, lockers with washstands, the operatives 
clocking in on entering the shop. In this women 
only are employed, being engaged in this particular 
instance on semi-automatic machine tools for making 
rear sight-leaves, sight-slides, sight-bases, strikers, 
extractors, &c. The machine tools are driven 
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by overhead transmission,” except for a number 
which are driven by a separate motor carried on 
the machine base plate. In a separate room are the 
buffing machines, disc wheels, brushes, &c., driven 
by overhead transmission, all these machines being 
fitted with suction hoods for evacuating all dust 
particles. On the second floor, the arrangement 
at the entrance is the same as on the first, and the 
department is equipped with special machine tools 
for rifle detail parts, for making stands for the 
automatic machine guns, also for the erecting of 
small donkey feed pumps and Westinghouse air 
brakes for outside firms. The entrance on the third 
floor is symmetrical with those below, and the shop 
is set apart for the manufacture of jigs, calipers, 
special milling cutters and drills required throughout 
the works. 

The two series of floors which are above the main 
offices and above those machine tools which, on 
the ground floor, are in close proximity to the Diesel 
engine current-generating set, communicate with 
each other. Taking these together, they comprise 
on the first floor the general drawing office, blue 
print room, and a research department for carry- 
ing out trials of new devices so as not to interfere 
with the machining and erecting work in progress. 
On the second floor are a whole series of machines 
for the manufacture of small detail parts, such as 
front-sight rings, feed guides, breech pieces, followers, 
breech-covers, &c., including milling, grinding and 
other special machines, supplied with the necessary 
tools from an adjoining stores. On the third floor, 
the fitting and assembling of the automatic machine- 





gun is carried out. The browning of all gun parts 
takes place in a separate room on this same floor ; 
it contains the necessary acid and other tanks, 
baths, and steam heated ovens, a well-known 
process which prevents the parts from rusting 
in service. Near this is a maintenance sheet and 
tin-plate shop. 

Access is had to the underground compartments 
by a separate entrance, inside which is a weigh- 
bridge. These compartments form stores for steel 
bars, oil, petrol, the heavy mineral oil being stored 
in four tanks, shown in Figs. 1 and 2. They also 
contain the boilers for heating the shops and offices 
by low pressure steam during the winter months ; 
a rifle range of 170 ft. in length for the firing of arms 
during speed and pressure tests, and the lockers 
and washstands for the men who work in the 
ground floor machine shop. The underground 
compartments are continued under the street in 
front of the offices by coal depots into which coal 
is delivered direct. 

Close to this separate entrance is the infirmary 
fully equipped for first aid in the event of accidents 
to the operatives. A canteen is also provided, 
in which the operatives can take their meals. 

The new repeating rifle which has recently been 
brought out by the Hotchkiss Company is illus- 
trated in Fig. 3 above referred to ; it weighs 16-5 lb. 
As will be seen, it is supported in front on two small 
sledge-shaped pieces which, when the rifle is not in 
use, turn back against the barrel. This is a special 
feature of the new weapon, and a distinct improve- 
ment upon the front support consisting of two 
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pointed bars which deeply enter the ground; the 
Hotchkiss rifle slides on’ the two sledge-shaped 
front supports, which follow every movement of the 
rifle, insuring a greater precision in the firing. 
The displacement of the rifle in actual use is at all 
times parallel with the ground, and there is at no 
time any angular displacement. It fires metallic 
cartridge-feed strips containing each.15 cartridges, 
a number of such charged strips being easily carried 
by the men. The feed strips are inserted on the 
right-hand side of the rifle, the ejection of the 
empty cartridge cases taking place underneath, so 
that the neighbouring men are in no way interfered 
with by them. The working of the rifle is similar 
to that of all the Hotchkiss guns; a gas passage 
is at the middle of the barrel, the gas acting upon a 
follower which is connected to the closing mechanism. 

The travel of the cartridge-feed strip is governed 
by a special mechanism placed above the rifle, this 
being the mechanism which is contained in a box 
that encloses the whole of the upper part of the 
rifle at this part of its length. Access is had to the 
inside of the gun by removing a cartridge support, 
i.e., the feed-guide, or feed-hopper, which allows the 
whole feed strip to be removed, in case of jamming, 
for example. The rifle can be taken to pieces and 
reassembled without the aid of any tool ; the whole 
mechanism is of the simplest kind of its sort and has 
been designed so that every stress is transmitted 
exactly along the axis of the barrel. The whole 
closing device is built so as to insure absolute safety, 
a curved piece forming part of the breech mechanism 
preventing the firing of the rifle until the breech 
piece is completely closed. The rifle is fitted with a 
mechanism for governing the speed of firing. 

During the war, it often happened that the men 
fired at an exaggerated speed, and in order to 
prevent this, and to secure a maximum effect, 
certain mechanism has been embodied in this 
new weapon. The rifle is cocked mechanically on 
the discharge of each separate round, when the 
follower acts upon a lever, this allowing the raising 
of a catch which secures the closing device on its 
return. The catch can only be lowered after a 
determined time, the duration of which is governed 
by the oscillation of a “ vibrator ” having a rocking- 
lever action. The cadence can thus be regulated, 
according to the dimensions and the weight of the 
“* vibrator ”’ fitted, and the gun be made to fire from 
200 to 600 rounds per minute, the latter being the 
maximum firing speed of this particular gun. 
The gun can be regulated for any given firing speed. 
As is the case generally with the Hotchkiss weapons, 
it can fire shot by shot, or can magazine-fire, and is 
provided with a safety lock. The pressure of the 
powder gases can be regulated by a simple cylindrical 
shaped piece ; this allows the placing opposite the 
gas passage of the barrel of a smaller or larger hole 
cut in the cylindrical piece in question, according as 
greater or less pressure is required. Firing is regu- 
lated by this cylindrical piece ; it is made for the 
purpose with holes of different sizes, each of which 
can be brought to face the passage in the barrel. 

A further interesting detail is that each steel cart- 
ridge-feed strip containing its 15 live cartridges 
weighs less than the empty spring curved metallic 
self-loader. As above stated, the empty cartridge 
cases are ejected below the gun; the empty feed 
strips are ejected at the side. 

The Hotchkiss machine guns which were ex- 
tensively used during the war are well-known, and 
need no further comment. We may remind our 
readers that in a preceding issue (see page 401 ante) 
we published an illustrated description of the 
Hotchkiss-Taylor system of tangent rack gearing 
manufactured at the Coventry works. 








THE EFFICIENCY OF THE HAMMER 
BLOW, AND ITS EFFECTS WITH 
REFERENCE TO PILING. 

By A. Hey, M.I.N.A., Assoc.M.Inst.C.E, 
(Continued from page 674.) 
In dealing further with the determination of 

efficiencies which account for the losses i 

place above the pile head and in the steel tube 


in particular, Tables III, IV, V and VI have been 
extended to include for effective heights of fall of W 
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amounting, within limite given by steam hammers, 
to 25 in., 50 in. and 75 in. 
The loss of efficiency in the tube, 


wma’ (¥) 


BW tha’ E" 
has been tabulated for the ratios of stated. 

The concomitant loss shown by 7; is also set down 
and.is compatible with evidence associated with 
losses of the nature occurring at the logality of 
impact, the quantitative values given throughout 
each table, which are distinguished by the figures 
selected for p, are identical with the values for 7, 
as calculated by the above formula for the con- 

on P 
dition where | = 3. 

The range of values chosen for p in Tables III 
to VI extend from 500 lb. per square inch to 2,000 Ib. 
per square inch, which includes the average working 
conditions of between 1,000 Ib. and 1,500 lb. per 
square inch, representing a resistance R encountered 
of between 108 tons and 162 tons for the actual 
size of pile dealt with. 

On the sufficiency of the resistance R principally 


Fig.2. CURVES OF EFFICIENCIES FOR 
VALUE OF p-500 LBS. PER SQ.IN. 
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depends the safety of the structure erected later 
on the pile foundation, and it becomes desirable 
during most piling operations to be able to form a 
close estimate of the actual resistance occurring, 
so that on the one hand the finished pile may safely 
Tasies III ro VI.—E ficiency of Blow as Transmitted to 


a of Tube and as Usefully available at the Pile 
oe. 


Taste ITI—Case I.—-Where p = 500 lb. per sq. in. 
pressure below shoe. 


.*. R = 54 tons, 
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25 | 0-013 | 0-987 | 0-0 0-987 
0 | 1-0 {8 0-007 | 0-993 | 0-0 0-993 
75 | 0-005 | 0-995 | 0-0 0-995 
25.| 0-013 | 0-674 | 0-013 | 0-661 
4 | 0-687 |{50 | 0-007 | 0-680 | 0-007 | 0-673 
70 | 0-005 | 0-682 | 0-005 | 0-677 
25 | 0-013 | 0-518 | 0-026 | 0-492 
1 | 0-531 |{50 | 0-007 | 0-524 | 0-013 | 0-511 
75 | 0-005 | 0-526 | 0-009 | 0-517 
(25 | 0-013 | O-az4 | 0-030 | 0-385 
13 0-438 50 0-007 0-431 0-019 0-412 
75 | 0-005 | 0-432 | 0-013 | 0-419 
(25 | 0-013 | 0-362 | 0-052 | 0-310 
2 | 0-375 ( 0-007 | 0-368 | 0-026 | 0-342 
75 | 0-005 | 0-370 | 0-020 | 0-350 























take its maximum load without settlement, and 
on the other that further effort need not be un- 
necessarily prolonged. 

An index to this information is afforded by the 
measurement of the set s in conjunction with the 
curves as calculated and set out in diagrammatic 
form touching on the various elements involved, 





as shown in Fig. 7, page 713. 


Taste IV—Case IJ.—Where p = 1,000 Ib. per sq. in., or 








R = 108 tons. 
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25 0-052 0-948 0-0 0-948 
0 1-0 50 0-026 0-974 0-0 0-974 
75 0-017 0-983 0-0 0-983 
25 0-052 0-635 0-052 0-563 
+ 0-687 {50 0-026 0-661 0-026 0-635 
75 0-017 0-670 0-017 0-653 
25 0-052 0-479 0-105 0-374 
1 0-531 50 0-026 0-505 0-052 0-453 
75 0-017 0-514 0-035 0-479 
25 0-052 0-386 0-157 0-229 
1 0-438 50 0-026 0-412 0-078 0-334 
} 
75 0-017 0-421 0-052 0-369 
25 0-052 0-323 0-210 0-113 
2 0-375 50 0-026 0-349 0-105 0-244 
75 0-017 0-358 0-070 0-288 























For piles of this class which are formed by the 
subsequent depositing of concrete in the cavity 





'g.3. CURVES OF EFFICIENCIES FOR 
VALUE OF p -1,000 LBS. PER SQ.IN. 


















Blow of 2 Ton Hammer. 
a fe Se G 
Efficiency of Blow 7. 
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* 
(7286.0) Ratio of fy 


General Pile-Driving Formula according to the 
Results shown. 
= wks +(W +P) 
8 


2 
efficiency of blow as calculated. 
1 rz 
ee w 
WwW ) P 

Safe Working Load = L. 

La R +9, 
4 


approx., taking \ = 0°25 


1+ 





R 
= — x 3 approx. 
10 pp 
weight of pile. 
Frictional resistance on pile. 
Ultimate resistance at shoe. 
weight of hammer. 
h height of fall (inches). 
8 permanent ‘set ” per blow (inches). 
¢ = temporary “set ”’ per blow (inches). 
t” to be measured by tape gauge. 
Permanent “set” of pile 
2-ton hammer with fall a 
shown above base. 
Temporary “set ’’ due to pressure p at shoe, shown by 
t below base. 
Probable temporary “‘ set "’ if it be calibrated is shown 
by the lower dotted line below base. 


L 


P 
rs 
R 

Ww 


Hoi | 


into ground per blow of 
25 in., 50 in. and 75 in., 


provided, it will be obvious, especially for long piles, 
that a considerable accession to the bearing power 
will ultimately be afforded by the frictional contact 
between the sides of the pile and the ground. 

If allowance be made for this corresponding to 
the nature of the resistances known to have been 
passed through during driving, and added to the 
value of R as ascertained, the latter should be 
satisfactory if there results a factor of safety of 4 
over the working load. 

If a further estimate of the value of R reached 





during the last stage of driving be sought for, its 
































TaBLE V—Case III.—Where p = 1,500 lb. per sq. in. 
pressure below shoe. 
.*. R = 162 tons. 
>, 3 _ 2 ‘ 
| ss ES> |@.-%e2- 
“< zu| 5 |age* | eee, ese? 
| * |S Es ece' | s2s* (Rese 
F e | §* |RS"2/ BRE [BSaze 
z Fe os" 6 < 
in. 
25 0-12 0-88 0-0 0-88 
0 1-0 {50 0-06 0-94 0-0 0-94 
75 0-04 0-96 0-0 0-96 
25 0-12 0-567 0-12 0-447 
+ | 0-687 | 50 0-06 0-627 0-06 0-567 
75 0-04 0-647 0-04 0-607 
25 0-12 0-411 0-24 0-171 
1 0-531 |4 50 0-06 0-471 0-12 0-351 
75 0-04 0-491 0-08 0-411 
2s 0-12 0-318 0-36 |—0-042 
14 | 0-438 |4 50 0-06 0-378 0-18 0-198 
\75 | 0-04 0-398 | 0-12 0-278 
(25 0-12 0-255 0-48 | —0-225 
2 | 0-875 |+ 50 0-06 0-315 0-24 0-075 
75 0-04 0-335 0-16 0-175 
computation would involve, in addition to the 


CURVES OF EFFICIENCIES FOR 


Fig. 






Pinch 
eo © A&A & & A 
Efficiency of Blow 7). 


. 
_ 


Permanent Set per Blow of 2 Ton Hammer. 


7 
(7286.0) Ratio of te 
measurement of the permanent set 8s, an accurate 
calibration of the temporary compression set ¢, as 
well as a reasonably close estimate of the overall 
efficiency 7 wherewith to furnish the value of the 
useful energy. 


Taste VI—Case IV.—Where p = 2,000 lb. per sq. in. 
pressure below shoe. 
































-, R = 216 tons. 
bs y > 2 + 
ale s |g. |E.«|sép |g-tee 
} 2s SF = 3s Soe l- bon 
# < ee Ss! f25*\5838 | 
2 ae FS |€5 S* /gat0 
3 2 | s~ |mo"e| S88 isegee 
- yd ok te. ae et 
in. 
25 0-21 0-79 0-0 0-79 
0 1-0 50 0-105 0-895 0-0 0-895 
75 0-07 0-93 0-0 0-93 
25 0-21 0-477 0-21 0-267 
4 0-687 50 0-105 0-582 0-105 0-477 
75 0-07 0-617 0-07 0-547 
25 0-21 0-321 0-42 —0-099 
1 0-531 50 0-105 0-426 0-21 0-216 
75 0-07 0-461 0-14 0-321 
25 0-21 0-228 0-63 —0 -402 
1} 0-438 50 0-105 0-333 0-315 0-018 
75 0-07 0-368 0-21 0-158 
sss 0-21 0-165 0-84 —0-675 
2 0-375 50 0-105 0-270 0-42 —0-150 
\75 | 0-07 0-305 | 0-28 0-025 
Thus y»Wh=R.(s + $2) 
Wa 
and R= , 
é+4t 


from which R could be obtained. 

Before proceeding to investigate more closely 
the actual values for ¢ which such calibration may 
reveal, attention will first be called to the calculated 
results shown for the sets in Table VII. These have 
been figured out using the values given for the 
several efficiencies in Tables III to VI. The 
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permanent set s of the pile shoe in the ground 


(per blow) 
o= Wh 


R 


and the temporary compression set ¢, at the head of | P 


the tube occasioned by the stress due to R 


ns Wh 
$= Ge. x 8. 
R 


Fig. 3. CURVES OF EFFICIENCIES re. 
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Fig.6. CROSS-CURVES OF EFFICIENCIES 
ON RESISTANCE, p. BASE 


a: “<6 .@ -f&i < 
Efficiency of Blow 1} 


. 
ns 


0 
0 


0 
2,000 


1500 1,000 500 
Abscissa Values of p 
Lbs. per Sq.in. Fressure on Projected Area of PileShoe. 
(86 F 


9 


The factor 2 allows for the elastic stress-strain, 
diagram being triangular. 

The amounts of s and ¢ are giveh for the four 
values of p, postulated on abscissa values of 
©, = 0, }, 1, 1} and 2, which covers all the ground 
required. The table has throughout dealt with 
the three heights of fall h for each case, of 
25 in., 50 in. and 75 in., and it must be borne 
in mind that the value of h represents the effec- 
tive fall, which is less than the measured amount 
for cases where resistances impede the falling 
hammer. Thus for a single-acting steam hammer, 
the loss of potential energy g’aused by the friction 
of the steamtight packing gland on the piston rod, 
and back pressure, will absorb about 5 per cent. 
to 6 per cent. of the fall, which would need 53 in. 
actual fall to be given to represent an effective fall 
of 50 in. 

Also in the case where a monkey is caused to fall 
by the release of a friction brake at the winch by 
which this type of hammer is raised, the falling 
weight has also to start into motion the barrel of the 
winch, a heavy pulley, and the steel wire rope which 
reduces the accelerating force, and therefore the 
measured height by about 40 per cent., which 





| of n, are also added to allow it to be seen what 











would require 42 in. actual fall to represent 
effective fall of 25 in. 

The results given in Tables III to VII are plotted 
in the curves shown in Figs. 2 to 5, on a base of 
The curves for overall efficiency are shown in 


full lines; the centre one distinguishing the case for 
50 in. fall of the triple heights assumed. The values 


the 





7ts 
Cross curves of efficiencies corresponding to fixed 
values of + are given in Fig. 6 plotted for abscissa 


values of p up to 2,000 Ib. per square inch. 

As the information disclosed by these curves 
shows the sets obtained in relation to the efficiencies, 
and the latter are only of academic interest, the 
useful information comprising the sets s and t, 
the accompanying pressures p or forces R, and the 


TRELLIS DIAGRAM SHOWING EFFECT OF HAMMER BLOW. 


When driving 16-in. external diameter by }-in. steel tubular 


pile in 


shown by 


— shown by height of trellis rail above datum. 
depth of webs below datum surface (1) due to stress 


preparatory piles: Permanent “set” of 
Temporary elastic compression “ set” 
Pp, (2) due to free impulsive force. 


Diagram is drawn for various lengths of piles as indicated, and ratios of P for selected resistances (ult.) 


to which pile may be required to be driven, and shows conditions where driving to “refusal” is 


encountered. 


Particulars. 
Hammer : eer - steam-raised cylinder of 2 tons weight; gravity drop, 4 ft. 6 in. ; effective height 


of fall, 50 in.; pile shoe, 80 deg. 
jected area ; ground pressures be 
Efficiency of hammer blow to 


full angle of point, 17} in. extended diameter and 240 8q. in. pro- 
ow shoe, as shown. 


; produce the set given, calculated after taking into account loss due to 


impact, using coefficient of 


_ usiT restitution for hardwood driving cap of 0-25; 
energy in pile cap and hammer cylinder during blow. 


; also allowing for loss of 


. zm 
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Nore.-—The average working conditions met with in 
practice are comprised within the confines of the two 
central enclosures—the main rail representing ‘sets ”’ 
for the general fall of 50 in. 

The intermediate rail indicates the permanent “ sets ”’ 
for an effective fall of 25 in. ; and the superimposed rail 
those given by an effective fall of 75 in. 


NOTES FOR REINFORCED CONCRETE AND TIMBER PILES. 


For application of the diagram to driving of :— 


(1) Pre-cast reinforced concrete piles. The curves and particulars apply without modification where the pile is 


fitted with a helmet. 


(2) Pre-cast reinforced concrete piles not so fitted: increase the values of 7 shown on curves of efficiency by 0-03, 
> 
0°05, 0°06 and 0-065 for values of a of 4, 1, 14 and 2 respectively, then increased the values of set, 8, per blow 


in proportion, above those indicated by diagram. 


(3) Timber piles: increase the set per blow by four times. The heights of fall shown on curves are also to be 


increased four times the values shown. 


If hammers of other weights than the 2-ton postulated be used, modify the value of 8 by multiplying by the ratio 


of these weights. 


In this class of piles driven through firm strata of gradually increasing resistance, as in average firm ground 
conditions, the greatest load L; to just avoid causing movement of pile, is approximately 


In =(R + rf) + 


d and I being expressed in feet. 


d.l. 
10 
d.l. 
40 


da + 


* 


It will be found, even if (R + 17) be allowed to approach 75 per cent. of the streagth of the pile driven, the safe 


margin of resistance above working p 
available in the case of cast-in-situ method of piling. 


energy is used up in stressing the tube with the 
force R ‘taken. 

The upper curve, as in Figs. 2 to 5, indicates the 
value of % using a value for A=0-25. The 
amounts of the permanent set s for the four values 
of p in Table VII, are plotted above the base in 
Figs. 2 to 5, the 50-in. height of fall being again 
shown more prominently. The calculated values of 
temporary set ¢ are indicated by the dotted straight 
line below the base of Figs. 2 to 5, because unlike 
the curves for 8, its value is unaffected by the amount 
of h so long as some permanent set takes place and its 
value varies simply with the length of tube when 
transmitting a given force R. 


load to ensure that no settlement will take place is not so ample as that 


respective ratios of as or their equivalent length of 


pile tube, have been taken out and embodied in the 
trellis diagram, shown in Fig. 7, for convenience in 
practical use. 

From this diagram the effect of a blow on a pile 
of given length against a certain resistance R, from 
a hammer of 2 tons having an effective fall of 50 in. 
can be seen by the length of the ordinates of the 
fences in terms of the permanent set produced. 
The average working conditions met with in practice 
are comprised within the confines of the two central 
enclosures, here the thickened main rail nts 





represe 
the permanent sets s for the general height of fall of 
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TABLE VII.—Inpicates THe PERMANENT SET AND ALSO THE TEMPORARY COMPRESSION SET OF THE STEEL 
Pite Tuse Driven unprr THE Starep ConpiTions oF Hricut or Fatt or a 2-Ton HAMMER, AGAINST 
THE GIVEN Resistance PosTULATED, AND IN ACCORDANCE WITH THE EFFICIENCIES OF HAMMER BLOW as 


Ser our 1x Tasrizs III, IV, V anv VI 















































mets Sets 4 Condition Sets re — ats Sainte Sets for —s 
io P= ./8q. in. p=1, ./8q. in. p=1, ./6q.in. | p = 2,000 Ib./sq. in. 
3 wae Height . or R = 54 Tons. or R = 108 Tons. or R = 162 Tons. or R = 216 Tons. 
an and of Wh. 
Ww Length. Fall. 
8 t 8 t 8 t. 8 t 
in. |in./tons in. in. in. in. in. in. in. in. 
{ 25 50 0-91 0-0 0-44 0-0 0-27 0-0 0-18 0-0 
0 0 50 100 1-84 0-0 0-90 0-0 0-58 0-0 0-415 0-0 
\ 75 150 2-75 0-0 1-36 0-0 0-89 0-0 0-64 0-0 
1 ton 25 50 0-61 0-025 0-26 0-05 0-138 0-07 0-06 0-1 
; 15 ft 50 100 1:26 0-025 0-59 0-05 0-35 0-07 0-22 0-1 
a tee og 75 150 1-88 0-025 0-91 0-05 0-56 0-07 0-38 UrL 
f 2 tons 25 50 0-455 0-05 0-172 0-10 0-053 0-15 nil 0-15 
1 a 50 100 0-95 0-05 0-42 0-10 0-215 0-15 0-10 0-2 
\ 75 | 160 1:44 0-05 0-66 0-10 0-38 0-15 0-22 0-2 
f 3 tons 25 50 0-355 0-07 0-106 0-15 nil 0-20 nil 0-11 
1} 45 ft 50 100 0-76 0:07 0-31 0-15 0-122 0-22 0-008 0-3 
\ ° 75 150 1-16 0-07 0-51 0-15 0-257 0-22 0-11 0-3 
4 tons 25 50 0-285 0-10 0-052 0-20 nil 0-16 nil 0-08 
2 60 ft 50 100 0-63 0-10 0-225 0-20 0-046 0-30 nil 0-25 
: 75 150 0:97 0-10 0-40 0-20 0-162 0-30 0-017 0-4 
P ‘ W hy 
8 = permanent set of pile shoe in ground per blow = — 
2 lh 
¢t = temporary compression set of head of tube stressed * 3 x 2 


50 in. The intermediate rail indicates the permanent 
sets for an effective fall of 25 in., and the super- 
posed rail, those given by an effective fall of 75 in. 
The point of intersection of any of these lines of 
rails with the plane of the datum indicates 
the conditions of “‘ Refusal,” and here temporary 
set alone takes place, as shown by the dotted lines 
below the plane. 

In accordance with the results embodied in 
Fig. 7 a pile-driving formula of general application 
can be made use of in the following manner : 


R=W-A X11 wip 
e+ 
2 
» = efficiency of blow as calculated 
1 re 


n Fi + a approx., taking \ = 0°25 
+ — ) a +} oe 
(9% P 
Safe Working Load = L. 
Law B+ 
oe 2.3 
4x thi. . 
a+ al 
40 
P = weight of pile. 


r, == frictional resistance on pile. 


ultimate resistance at shoe. 

W = weight of hammer. 

h = height of fall (inches). 

8 = permanent “set ’’ per blow (inches). 
t = temporary “set” per blow (inches). 
t’ = to be measured by tape gauge. 

d = dia, of pile or side in feet. 

i = length of pile in feet. 


It will be observed on referring to Fig. 7, that 
in addition to the temporary elastic compression set 
caused by the pressure p, a further amount is 
indicated by the bottom layer of the webs shown 
below the datum line. This corrective addition to 
the temporary set beyond that due to p has been 
brought about as will be briefly described. 

With a view to examining to what extent the 
impulsive shocks set free to stress the pile at the 
instant of impact could further add to the elastic 
strain as calculated for a steady pressure from the 
shoe compressing the pile in its length, occasion was 
taken to calibrate the temporary strains during 
the driving of several test piles of 25 ft. and 15 ft. 
length at the Simplex Concrete Piling Company’s 
works at Edmonton during October of last year. 

The results obtained confirmed the opinion of the 
author that some part of the energy assumed, so 
far in the calculations tabulated for a value of 
A = 0-25, to be wholly lost in heat energy, in- 
cludes, in point of fact, a portion which was free to 
induce the noticeable longitudinal vibration in the 
tube which takes place throughout the short space 


of time it is in general movement downwards under 
the main influence of the hammer blow. 

The excess temporary set over that of t, as calcu- 
lated for p values in the foregoing and given along 
with the amounts for s, is set out in the following 


Fig.& . DIAGRAM OF SET DURING A BLOW 

OM PILING HAMMER FOR IS5F? PILE TUBE. 
j5e,  Wo2Tons h~25ins. 

: TS See. 
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Table VIII as obtained from several sets of observa- 
tions for each size of tube and several diagrams on 
a time base for the 15-ft. tube :— 


Taste VIII—Showing Excess Temporary Set. 











Approx. t, 
8. “ome Allowing 
Ratio Height 7 50 per cent. 
of of of Diff. in 
P Fall of Ne for 
WwW 2-Ton t A=0°6 
Ww Actual | Calcu- | Actual. and 
lated. A = 0-25. 
in. in. in. 
0-5 25 2 0-01 0-1 0-07 
0-5 38 1t 0-02 0-1 0-08 
0°38 38 0-13 0-14 0-25 0-10 




















The above sets were measured by a tape gauge 
rigged up for the purpose. In this a narrow linen 
tape measure is affixed to a stud on the pile and 
carried upwards through a clamp which grips it to 
a fixed stand, such as a step ladder, but allows it 
to pull through by the movement of the pile and 
thus indicate the maximum travel and, when the 
slack is returned by the observer, the permanent 
travel, the difference between the two being the 
temporary set. 

The diagrams obtained were similarly provided 
and set up in place. Here the marker is carried on 
the upper end of a light wood rod and set against 
the plain surface screwed to the stand used for the 
observer. The lower end of the rod, some 3 ft. 
long, is secured to a fixture on the side of pile. To 
the upper end of the rod a cord is attached leading 
over a pulley to a weight of about a stone. The 
end of the rod is rigged up to engage with a small 
catch which retains it from being pulled across the 
marking surface until the pile has commenced to 
move under the blow. Thereupon the marker is 
flashed across and the diagram marked on the surface 
provided. Fig. 8 shows a diagram as obtained in 





the first example. 





Accordingly, on Fig. 7, the additional temporary 
set has been added to account for the extra vibrating 
oscillation which may take its origin from the free 
impulsive force supposed. 

An additional curve of efficiency has been drawn 
on Fig. 4 showing the values of 7, for a value of 
A = 0-6 for bodies of solid steel under impact, the 
other curve for 7 being for a value of A = 0-25. 

Taking at each ordinate of 7 the difference 
between these curves, we obtain when assuming 
50 per cent. of this difference is expended in stressing 
the tube against its own inertia, the extra amount 
of temporary set to be anticipated by proportioning 
its amount to that of ¢ as calculated for the difference 
between 7, and 7. 

The effect of this apparently necessary correction 
is slightly to complicate the determining of the 
overall efficiency 4, which will be the actual 
measure of ¢,. This modified value for 4, will then 
become 

™% —m — 73 +4(n— — 1) 
and the value of R 
W.h x 10 


e+f 
2 


A close approximation for », for the purpose of 
applying a formula when the actual permanent and 
temporary sets are measured will be to use a value 
of \ = 0-25 in the expression, as further correc- 
tions balance 

1 r2 
- t,o 

1+ w 1+ r 

In the calculations for efficiency dealing with 
bodies of partial elasticity as in all instances met 
with in piling, the hammer maintains contact with 
the pile whilst the driving force is acting, provided 
the weight of hammer W is greater than A P. 

As the value of A for wood and iron, 0-25, and 
the virtual value for a composite body and iron is well 
below 4, the calculations for efficiency in which the 
kinetic energy of the combined mass of the pile and 
hammer moving together is admitted, will be 


applicable for all cases where the ratio of My exceeds }. 


Therefore the efficiencies given in the tables are 
out of range of principles which would modify their 
values. 

The rebound of the hammer from the pile cap 
after the blow is expended in sinking the pile, 
is principally caused by the energy stored up in 
the tube when compressed by the amount ¢, and 
taking account of the energy thus stored up in 
the tube the rebound seldom reaches 1 in. The 
energy which may be at the same time existing 
in the secondary vibrations of the tube may cause 
the rebound to be a maximum when the period 
happens to coincide with the spring up of the tube 
from the spent blow. Were the hammer to be of 
less weight than W = ) P, a species of cavitation 
occurs in which the useful energy owing to the 
separation of the hammer from the pile, leaves 
available only an amount 


70 


© wires 
against the full value 
a 2 +4 Pr. 
g g 


Also it follows the blow administered from a 
hammer of so low a ratio of al as to bring it within 


the “cavitation” limit will give out an energy 
which is relatively small, and which requires a 
compensating advantage of speed, as is met with 
in double acting hammers or extractors, to justify 
the low ratio.* 

(To be continued.) 





Srorace oF ArrcraFr TrmsBer.—A leaflet giving 
notes on the conditions for the storage of season 
aircraft timber previous to conversion has been issued 
by the British Engineering Standards Association, 
28, Victoria-street, Westminster, 8.W. 1. 





* We regret to find that a small error crept into the 
first part of this article, which appeared in our last 
i On_page 674, column 1, line 8 from the top, the 


: in pounds per square in 
x 106 as printed. 





value for E; there e: 
should read 3 x 106 and not 30 
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INDUSTRIAL NOTES. 

Ir cannot be said that Mr. Clynes was very helpful 
in his remarks on the unemployment question, in his 
presidential address to the National Union of General 
Workers. He contends that those who reject what 
Labour proposes should suggest some effective alterna- 


tive. This, however, is not a fair statement of the 
position. Labour proposals are rejected because every 
competent student of economics knows that whenever 


similar plans have been tried in the past they have 
proved ruinous, the worst sufferers being the ‘‘ common 
people.”’ Both directly and indirectly Labour has for 
many years past promoted unemployment to the best 
or the worst of its capacity. Before the war it opposed 
every practical scheme for cheapening the supply of 
power. The legislation which brought electrical 
progress in this country to a standstill has never been 
criticised by Labour, although the result was, that 
thousands of workmen, who would have found well- 
paid employment in our heavy electrical industries, 
have had to find work elsewhere, whilst when develop- 
ment by the municipalities became practicable, equip- 
ment had to be purchased on an enormous scale from 
abroad. Mr. Clynes asks for an effective alternative 
to the futile and absurd proposals of his party, and we 
have pleasure in acceding to his request. Let the 
Labour Party abandon its craze for municipalisation 
and nationalisation, and its restrictions on output 
and on the doing of unskilled work by unskilled labour 
and we will guarantee that the unemployment problem 
will soon be reduced to manageable proportions. 
Listening to a labour leader deploring unemployment 
reminds one of the Kaiser’s heart bleeding for Louvain. 





In one part of his address, Mr. appears to 
be guilty of a serious misrepr m. He asserts 
that a “* Bill is being pressed in Parliament with the 
object of preventing trade unions gathering political 
subscriptions from their members even after a ballot 
vote has declared a willingness to pay them.’’ As he 
perfectly well knows, the Bill does not aim at preventing 
a subscription being collected from any member who 
is willing to pay it. The view of the promoters of the 
Bill is that political creeds ought legally to stand on 
the same footing as religious creeds, and the non- 
conformists years ago refused to accept as a solution 
of the Church rates question, the present procedure of 
the trades unions by which a man is assumed to be 
willing to support the official creed so long as he does 
not formally protest. 


Clynes 


+ 








Mr. Clynes also protests against the frequency with 
which the advice of the union leaders is rejected on the 
instance of local officials. He observes very justly 
that ‘‘ A serious weakness in trade union organisation 
arises from conflict in the degrees of leadership within 
the unions. There are men whose only pathway to 
influence or notoriety is to attack those who happen 
to be responsible officials. They act on the wicked 
assumption that the chief leaders have some interest 
apart from that of their members. There is no satis- 
faction to the responsible official greater than that of 
securing for his men the best possible bargain, and his 
preference for a victory is as real as that of any other 
man. But there are times when he must tell his 
members what cannot be won, and warn them of the 
losses certain to be incurred by following a course which 
less informed men may advise. Men who make 
difficulties for officials merely to make room for them- 
selves have done serious mischief in a number of recent 
cases, and experienced leaders who are not given 
proper authority and full confidence are weakened in 
their work, and can never be on equal terms with the 
spokesman of employers who can always depend upon 
the support and approval of the capitalist interests 
which they are chosen to advance.’’ The last sentence 
ought to be confronted with Mr. Clynes’ protest in the 
April issue of the World’s Work that employers had 
in certain cases refused to accept arbitration. Up to 
the present, however, whenever employers have agreed 
to arbitrate, they have honourably and honestly 
accepted the award, but there have been repeated 
instances in which the men have refused to accept 
an unfavourable award. The same article also affords 
a good deal of justification for the resistance of local 
officials, when the union leaders advise the men to yield 
on some point in dispute. Mr. Clynes declares in 
the article in question, that employers have seized 
the opportunity of the prevalence of unemployment 
to force down wages. this were true and the 
employers’ action were, as seems to be suggested, due 
to pure malignancy, it is not surprising that local 
leaders refuse to accept reductions, and in this action, 
were Mr. Clynes’ major premise correct, they would 
have the support of all fairminded citizens. Obviously, 
however, the prevalence of unemployment constitutes 
in itself that the employers’ action is not un- 
warran Orders cannot be obtained unless costs are 





reduced, and the unions strongly resent this being 
effected either by dilution or by improvements in plant 
which may involve a reduction of piece rates, even 
though such reductions may be accompanied by no 
diminution in total weekly takings. It is, in fact, 
= that the machinery now used in our boot 
actories could never have been developed here owi 
to trade union opposition. Each new machine woul 
have involved a dispute, which would more than 
offset the possible savings due to it in its early stages of 
development. The machines had accordingly to be 
developed elsewhere to the great profit of American 
workmen, and when perfected, had to be accepted en 
bloc by our own men, as the alternative was the extinc- 
tion of the trade. 





In accordance with the National Wages ments 
entered into by the National Federated Electrical 
Association and Electrical Trades Union under dates 
August 7, 1920, and September 22, 1921, it has been 
decided that the variation in cost of living justifies 
a 22 per cent. reduction in wages in lieu of the previous 
reduction of 16 oo cent., and that the net hourly rates 
of pay applicable to the respective grades for the 
ensuing four months will be as follows: Grade A, 
ls. 114d. (this rate includes a travelling allowance ; 
no further allowances to be paid except as provided by 
Rule 9 of the London Rules, dated February, 1920) ; 
Grade B, ls. 9d.; Grade C, ls. 74d.; Grade D, ls. 6d. 
The above rates will come into effect on the second pay 
day in June, 1922, for the period covered by that pay 
day, and will remain current up to and including the 
period covered by the first pay day in October, 1922. 





The engineering deadlock appears to be nearing its 
end, and there are confident predictions that 
will be restored within the next fortnight. The Satp- 
seven unions have accepted the terms offered by the 
employers, the vote being 99,313 in favour of a settle- 
ment and 46,881 against. The latter figure includes 
the boilermakers’ vote, which was overwhelmingly 
against an agreement. The obstinate refusal of the 
members of this Society to recognise that customers 
cannot be found for their class of work at present 
prices is most lamentable. In the end they must 
yield to the inevitable, as sufficient work to keep our 
ship and boiler yards in reasonable activity cannot be 
obtained without a substantial reduction in labour 
costs. The profitless dissipation of the trade union 
funds in a hopeless resistance will benefit no one. 
This we note has been recognised at Birkenhead, 
where, in spite of the vote, the boilermakers have 
decided to return to work. 





It is reported that the skilled men in the Man- 
chester area were also strongly against a settlement, 
but were outvoted by the general workers attached to 
their union. The A.E.U. conference at York has, 
however, decided on a second ballot, and the respon- 
sible leaders are strongly urging an acceptance of the 
employers’ terms. Some such action was inevitable, 
as funds are no longer available for maintaining the 
grants to the locked-out men. Once the ill-advised 
and ill-informed resistance of the men to the efficient 
operation of our engineering works is abandoned, 
more prosperous times may be anticipated. The 
average net weekly takings of the members of the 
A.E.U. will thus be increased owing to the conse- 
quent diminution of unemployment. Some of the 
delegates at the York conference advocated the calling 
out of all members from all sources of employment, 
with the exception of hospitals. This foolish policy, 
which, when adopted on other occasions, has in- 
variably failed, was defeated by an overwhelming 
majority. As for the prophecies of evil if the em- 
ployers’ terms are accepted, Mr. Brownlie states that 
the employers’ “‘ proposals are mild in comparison 
to the terms of settlement imposed upon the engi- 
neering unions at the end of the great lock-out in 
1897-8, when many of us thought that the ‘ terms of 
settlement ’ were the end of all things so far as engi- 
neering trade unionism was concerned, as many of us 
thought at that period the terms of settlement crippled 
beyond recovery the activities of our organisation, 
but subsequent events falsified our prognostication, 
as during the period in which we recognised procedure 
for oveiling isputes the members of the engineering 
unions gained concessions of greater value in com- 
parison to any concessions obtained during the pre- 
ceding 25 years, without having recourse to drastic 
action.” is testimony as to the relative merits 
of truculence and friendly negotiation seems worthy 
of record. It must, however, be borne in mind that 
many unreasonable and unfair concessions were 
exacted during the war, when the union, metaphorically 
speaking, held a pistol to the throat of the nation, 


and refused necessary supplies to the men at the front, 
save on their own terms. 





“THE ELASTIC LIMIT.” 
To tae Eprror or ENGINeeRrinec. 

Sre,—In the excellent leading article on failure by 
fatigue, in your issue of April 28, a statement is made 
which shows how lax is our scientific nomenclature. 
The statement in question reads as follows: ‘“ One 
interesting result was that the ultimate strength of the 
material was a somewhat more reliable index of its 
endurance than was the elastic limit.’’ The elastic limit 
is defined as being the maximum stress which can be 
impressed on a material without causing any other than 
purely elastic deformation. It follows from the definition 
that if the elastic limit is not exceeded the material 
recovers fully when the stress is removed, and the material 
will withstand such a stress for an indefinitely long period, 
whether it be constant or variable, unidirectional or 
alternating. It would, therefore, be logical and pre- 
ferable to invert your statement and to say that if an 
alternating stress is we to a specimen and it fail, 
the stress exceeds the elastic limit, and if it does not fail, 
that the stress is below the elastic limit. In other 
words, the elastic limit of a material cannot be deter- 
mined by a tensile test, but it is possible to find the value 
approximately by means of a series of Wihler tests. 
I suppose it is all a matter of confusion between “ yield- 
point” and “ elastic limit.” 

Yours truly, 
8. F. Barotay, D.Se., M.Inst.C.E. 

Manchester, May 3, 1922. 

[No doubt, as our correspondent implies, tho elastic 
limit of a material is far from satisfactorily defined. 
There is, however, much reason to believe that this 
unfortunate state of affairs is in the main due to the 
ane See of our materials of construction, 
which utely refuse to fit themselves accurately to 
the formulas devised to represent their properties. This 
behaviour, indeed, led Pr or H. Bouasse, many years 
since, to declare that there was no such thing as an 
elastic limit, as when sufficiently delicate methods of 
observation were used no material was found to obey 
Hooke’s law over a finite range of stress. Moreover, a 
time factor enters in the relationship between stress and 
strain. Chronometer makers tell us that a new chronoe 
meter takes a year to settle down to a steady rate, and 
should the chronometer be subsequently dismantled for 
cleaning it will not, when set going, again revert to this 
steady rate till after the lapse of some weeks. The stress 
on the spring, which is, of course, of a very high quality 
steel, is of the order of + 9 tons per square inch. Our 
correspondent’s proposal would seem to involve the 
abandonment of any connection between the elastic 
limit and Hooke’s law, and he would make it identical 
with the limit of endurance. No doubt the proposal can 
be defended, but we fear it would lead to confusion in 
practice. A structure which is given a permanent set is 
often strengthened by the process and its endurance 
increased ; as, for example, the cylinders used by 
Professor Bridgman in his experiments with intense 
hydraulic pressures. It would, to say the least, be 
confusing to hold that the material of such cylinders had 
not been strained beyond its elastic limit. On the whole 
it seems preferable to distinguish between the limit 
of endurance and the elastic limit, even if we have to 
define the latter, somewhat vaguely and indefinitely, as 
the limit at which stress ceases to be sensibly proportional 
to strain.—Ebp. E.]} 








“THE FIRST STEP.” 
To THE. Eprror oF ENGINEERING. 

Sir,—I have just read your refreshing article on 
“The First Step.” That same spirit of willingness, 
responsiveness and straightforwardness to which you 
refer, I can testify, has been helpful to me in my varied 
experience with my fellow workmen and employers, 
and is helpful in every phase of life. At the present 
moment when we are ae we have time “ to 
reflect and contemplate on the great world around us.” 
In my experience of machine shops I have seen men 
placed in positions of authority through ‘‘red tape” 
and influence who were not qualified to hold ne 
as leaders or directors of the workshop, but had secured 
such positions by having (to use a concise, concrete 


definition or vulgarism), ‘‘a brass face.’’ It is largely 
by the imprudent choice of such men by employers that 
there is so much industrial unrest and “‘ grousing”’ in 


the engineering industry. 
Yours, &c., 
“An UNEMPLOYED MACHINIST.” 
June 3, 1922. 





STANDARDISATION oF Surps’ Frrrines.—Three specifi- 
cations recently issued by the British Engineering Stan- 
dards Association, 28, Victoria-street, Westminster, 8.W. 
1, relate, respectively, to table glass and crockery for 
use on ships, oil lamps, and locks for ships’ joinery 
work. These specifications have been drawn up by 
panels on the Clyde and on the North East Coast, and 
that first mentioned deals with the shape and dimensions 
of cups and saucers, plates, water bottles, tumblers, &c., 
while that relating to lamps covers the durativn of 
burning and the material and thickness of the container. 
With regard to locks, since most of the better class of 
these fittings are patented, the mechanism has not been 
specified in detail, but the type of lock, overall length, 

ter of spindle and the material are dealt with. In 
all cases approximate metric equivalents are given for 
the dimensions, to facilitate the use of the specifications 
in foreign countries. The specifications are published 
by Messrs. Crosby, Lockwood and Son, 7, Stationers’ 
all-court, E.C. 4, at the price of ls. each net or ls. 2d. 
post free, and t! are obtainable from any bookseller, 
or direct to the offices of the Association at the address 
given above. 
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THE COLLINS MICRO-INDICATOR FOR HIGH-SPEED ENGINES. 


CONSTRUCTED BY THE CAMBRIDGE AND PAUL INSTRUMENT COMPANY, LIMITED, LONDON. 








Fie. 1. 


Tne micro-indicator constructed by the Cambridge 
and Paul Instrument Company, which we illustrate in 
Figs. 1 to 3, annexed, was one of the striking novel- 
ties of the Royal Society Soirée of this year, and 
was mentioned in our notice of these exhibits, on 
page 630 ante. We need not dwell upon the 
utility of an instrument which, within half a minute, 
almost automatically, will produce 10 successive 
permanent records of the performance of a high- 
speed engine on a card which is ready either for 
immediate inspection and measurement in a_ very 
simple microscope, used after the manner of a 
pocket telescope, or for photographic enlargement. 
Indicator diagrams taken at rapid intervals not un- 
commonly draw the attention of the designer or manu- 
facturer of an engine to unsuspected or obscure defects, 
in a manner which enables him to determine the cause 
of the poor performance, and the convenience of the 
micro-indicator will be particularly appreciated on 
motor cars and on flying machines when track tests 
or trial flights are being conducted, and where there is 
neither space nor time for elaborate instruments and 
methods of testing. The records are mechanical, 
not optical or photographic, and the operator need 
not leave his seat to take them. The micro-indicator 
has been designed by Mr. W. G. Collins, director of 
the Cambridge and Paul Instrument Co. 

The indicator consists of a cylinder A and a piston B 
(figs. 1 and 2), both made of a hard non-corrodible 
metal. The rising piston forces upward the flat 
spring C to which the style D is attached; the style 
scratches a record on a slightly curved disc or card of 
celluloid E which is provided with 10 notches; the 
diameter of the disc is about 1 in. This disc is carried 
by a frame attached to the front sector of a small 
vertical post; a back sector on the same post is 
rocked to and fro’ by a connection to the piston of 
engine ; the post also supports the helical spring which 
takes up any back lash. 

The style D scratches a small indicator diagram 
on the surface of the card, This action takes place 
when the Bowden wire is operated, causing the pawl 
F to press against one of the 10 notches - the disc ; 
the disc turns about its horizontal axis by one-tenth 
of its circumference, each time the Bowden wire is 
moved, so that 10 consecutive diagrams are drawn 
near the circumference of the card. Contact between 
the style and the disc is, however, only possible 
when the automatic electric switch of the indicator 
energises the iron-clad electromagnet G which will 
be seen at the back of the card, and which draws 
the parts into'jcontact by means of a small chain 
which extends from the armature to a pin close to 
the style. 

This switch, another ingenious piece of apparatus, 
is not shown in our illustrations; only the two 
switch terminals to which the switch wires are attached 
being visible on the left-hand side. The switch is 
actuated by a belt from the engine, and its object is to 
permit of taking a single cycle only, and thus to 


avoid confusion when the diagram is rapidly changing | firms, 


its forms due to variation ot load, ignition, carbura- 





‘who personally bore a large share of the expense. 
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tion, &c. The switch circuit is 
ordinarily open, i.e., the style 
does not touch the disc, until the 
key of the switch is pressed. 
Without this device the consecu- 
tive records might overlap and 
be spoiled, because the style 
contact might be maintained for 
more than a complete cycle of 
the engine under test. The whole 
instrument which is mounted on 
the top of the engine cylinder, 
weighs only about a pound. The 
moving parts are light and they 
move through small distances; 
there is little inertia, an entire 
absence of linkages and uncom- 
pensated joints, and there is, 
therefore, small liability to wear. 
With a piston area of } sq. in. 
the natural period of the record- 
ing system is about 1/1100 of a 
second. 

The actual indicator diagrams 














obtained measure about 3 mm. 
in length by 2-5 mm. in height. 
The raised edges of the scratch 
render the records very distinct in spite of their 
small size. Examined in the microscope we men- 


‘tioned, with a scale or a graticule in the field of 


view, the diagrams are quite convenient for area 
measurements. The microscope is merely a tube 
prolonged to form a simple frame; the disc is 
placed in a slot in the frame, and the tube is then 
raised so that the light from a window or lamp falls 
through the celluloid disc from behind; there is no 
special substage nor illuminator. Dimensions may be 
read correctly within 0:01 mm. Some photographic 
enlargements of the diagrams are reproduced in our 


Fig. 3; enlargements of 20 diameters will usually be 
sufficient. 





LIGHT-METAL PISTONS FOR AUTOMOBILE 
ENGINES. 


UnprEr the auspices of the German Transport 
Ministry and the Ve:ein Deutscher Motorfahrzeug- 
Industrieller, competitive trials of light-metal pistons 
for automobile motors were last summer held in Berlin. 
These very extensive and varied tests were conducted in 
the experimental department for automobiles of the 
Technical High School, Berlin-Charlottenburg, by Pro- 
fessor Gabriel Becker, Dr. Ing., chief of that department, 
In 
the tests and analyses, which are still being continued, 
Dr. Becker had assistance from outside, in addition 
to the services of the staff of his department comprising 
six engineers, and further of a considerable number 
of the students of the High School, for whom the 
systematic investigations were of great value. Nine 
f metallurgical and engineering works, took part 
in the competition, upon which Dr. Becker has pre- 


sented a very instructive monograph,* embodying 
suggestions for further advance. Dr. Becker’s advo- 
cacy of light-metal pistons dates back more than ten 
years, when he was working with the firm of Messrs. 
Basse and Selve. 

The 32 sets, each of 4 pistons of 16 different light 
metals submitted, may roughly be classed as aluminium 
alloys, comprising two silumin alloys of aluminium 
with 11°4 per cent. and 15 per cent. of silicon respec- 
tively, and magnesium alloys, including an almost 
pure magnesium. Two sets of cast-iron pistons and 
one piston of pure electrolytic copper were also tested. 
As to weight the Al-alloys were from 15 per cent. 
to 25 per cent., and the Mg-alloys from 25 per cent. to 
35 per cent. lighter than the cast-iron pistons. We 
give opposite a tabular summary of the analyses. The 
pistons were cast in dies with iron core or sand core, 
or pressed, as indicated in the last column. The Brinell 
hardness numbers are also stated in the Table. 

All the pistons were tested in two motors of very 
different types, a 45-h.p. Daimler lorry motor, from the 
Daimler Company at Marienfelde, Berlin, and a new 
type of Protos touring car engine of 10 h.p. to 30 h.p. 
from the Protos Automobile Company, of Siemens- 
stadt, Berlin. Both firms placed their motors at 
the disposal of the committee. The Daimler motor is 
a four-cylinder engine, two cylinders in one block, 
with cylinder diameter of 120 mm. and a stroke of 
160 mm. (4°7 in. and 6°3 in.); the stroke volume is 
1-809 litre (0°4 gallon), the compression volume with 
cast-iron piston 0°584 litre, and the compression ratio 








* Vervollkommmnung der Kraftfahrzeug motoren durch 
Leichtmetall-Kolben. By Professor Gabriel Becker. 
Miinchen and' Berlin: R. Oldenbourg. (95 pages, small 
quarto ; price 75 marks.) 
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4°1. There is no jacket space between the two cylinders readings were taken at ‘10 points, distributed over the | 


of a pair; all the valves are arranged in the cylinder | pistons (see Fig. 1), most of the holes for the thermo- 
head ; the air drawn in is preheated by the exhaust. | couples ending within 2 mm. of the outer piston surface. 
The Pallas carburettor is not heated, and there is only| The fuel used was mostly a benzol of density 0-875, 


Fig.2 








be-------—=--  =----=--- 1 aan an nian nnn nn nnn nna ennnee 2-2 ---------------------+-- > 
Centre, Piston Head, Edge Piston Body 


(1344) 


Fig.3. 





| others was also teste 
| gas temperature in the cylinder was 300 deg. C., and 
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motors. In this respect the Protos motor proved 
superior. The above-stated compression ratios for 
cast-iron pistons could safely be exceeded with all the 
alloy pistons, even with the cooling water at boiling- 
point and on the hottest summer days; most of the 
light-metal pistons bore compression ratios of even 
5°7 without pre-ignition or pinking, and this ratio is 
recommended as most favourable for such pistons. 
When the benzol contained some petroleum, this high 
compression was only advisable with well-cooled 
cylinder walls; the fuel nozzles should also be made 
smaller for high compression. 

The higher compression is possible because the light- 
metal piston does not become so hot as the cast-iron 
piston, and this factor favourably influenced the 
thermodynamical conditions and the working generally 
at all speeds and loads. The motor efficiencies were 
raised while the fuel consumption was lowered. The 
exhaust temperature and heat losses in the cooling water 
were diminished. When the load was dec as it 
would on easy level runs at moderate speed, the saving 
in fuel might rise 35 per cent. The lorry gave on an 
average 8} h.p. more, when fitted with a light-metal 
piston than with cast-iron, that is 20 cent. more 
power while consuming 20 per cent. fuel. The 
power losses due to friction were about the same in 

th cases, but the light-metal pistons required only 
half the amount of lubricant. As regards the vertical 
vibrations of the motors there was little difference. 

The thermal features of the pistons call for particular 
notice. We mentioned above that 10 thermocouples 
were used to study these relations; the positions of 
these thermocouples are indicated by the numbers 
(1), (2). . . (10), in Fig. 1; Fig. 2 represents some 
of the results. The heat flow would generally seem to be 
in the sequence of the numbers, that is to say, from the 
centre of the piston head to its edge and then down the 
shaft. The copper piston of the same shape as the 

d for the sake of comparison. The 





the water temperature in the water-jacket is said to 
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(1068) 60 mm 
one spark gap for the Bosch magneto; the speed ti Oe 
ranges from 300 r.p.m. up to 1,200 r.p.m. — 

The Protos motor is constructed for speeds of from 
600 r.p.m. to 2,000 r.p.m., and has four cylinders in one Fic. 4. Fie. 5 
block ; the cylinder diameter is 80 mm., piston stroke 
130 mm. (3°15 in. and 5°1 in.), stroke volume 0°653 ANALYSES OF EXPERIMENTAL Pistons. 
litre, compression volume 0°176 litre, ratio of com- 
pression with cast-iron piston 4°7. The valves are Alloy. 
mounted on one side of the block, and the combus- Mark. v4 a eas 
tion chamber is nine times as wide as high; there Al Ou | Te | -. | = | os ss! | the. | a ess. pa : 
is again one spark gap for the Siemens-Schuckert 
magneto. 

The normal valve lifts for both engines are small, | Hirth F 80-1 | 15-7 24 0-7 0-9 | trace an - ot 120 | Die and iron 
namely, 0°2 mm. (Daimler) and 0°3 mm. (Protos) ; Hirth B 82-8 14-6 1-2 0-7 0-6 0-1 ont én seal 111 si ~- 
with the heating of the engine the former increases | Hirth E 83-6 | 14-0 1°6 0-4 0-6 _ — -- -- 101 ” ” 
by 0°2 mm. the latter decreases by 0'l mm. The| MN 87-5 10-4 wi — _ 3-3 rw’ — is ” ” 
lubricant circulates in both motors under pressure, the Ey a8 a He 18 0-1 rH gi e Na 84 | Die’ and "sand 
oil bath being in the lower portion of the crank casing ; core. 
special devices for lubricating the piston shafts and | 3 B 2 | Teel = . ee hrs re i ” ” 
pins are not provided. BMW s86 | 10-8 | 18 | O11 | on a a “ _ 93 a 7 

As regards the shape of the combustion chamber, | M WO 88-9 7-6 3-4 = = — -- = _ 87 ” ” 
the arrangement of the suction pipe, and the fuel| B® Re 88-5 - ew oe aii + me vee -~ i 4 ” ” 
economy and ease of regulation, the an motor was + WN i sd = oe = ja. aii 88-0 Bia akithae, | § 
decidedly inferior, and the test conditions differed| ¢ m 0-4 _ -- — — - _ 99-5 0-1 48 » 
therefore considerably in the two motors. The motor] GEK _ 13-5 — o3 ar sv: _ ons - 4 ” 
tests were conducted in the usual way. The physical, | * 1° errs a Hh nna ;* 4: eas ” 
thermal and chemical properties of the various piston 
materials were first determined in special apparatus, | the lubricant Gargoyle mobile B B. The wear of some | have ranged from 20 deg. to 24 deg. It will be scen 
SO Pa FRR ble gee ote pe rn et pT gy 
water-jac cylinder in whic e piston not in air-cooled motors a pera‘ perature 0 eg., an pera’ was 1 
could be heated to 600 deg. C. while decinceounl nor a thick oil of high viscosity in water-cooled | cally the same in all the other parts of the piston. 
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There was in particular no temperature fall near the 
edge of the piston head, between couples (4) and (5), 
and that edge was not marked on the other curves 
either; nor did the piston rings, near (7), carry off 
much heat. In the cast-iron piston we find a very 
marked though fairly steady temperature gradient. 
The centre of the piston head was at 83 deg. ; near the 
edge the temperature was still 57 deg., that is, far 
hotter than the copper piston, while near the bottom 
of the piston the temperature went down to 20 deg. ; 
in the skirt of the piston the temperature gradient was 
38 deg., whilst it was only 5 deg. in the case of copper. 

The light-metal pistons ranged between the iron and 
copper pistons. The maximum temperatures in the 
piston head lay between 40 deg. and 50 deg.; at 
the lower end of the shaft they all had temperatures 
of about 23 deg. The GE K alloy (Mg-Cu) came 
nearest the almost ideal copper, while the GEA 
(Mg-Al) proved the poorest alloy in this respect ; it is 
noteworthy that the CM alloy (not marked in the 
diagram, but practically Mg, with 0-4 per cent. of Al) 
proved only slightly inferior to the G E K. 

Fig. 3 shows the difference which the deposition on 
the piston of soot made in these tests. e sooted 
piston heads became in all cases much hotter than the 
clean metals, and particularly so in the case of cast- 
iron. The points which affect this feature are 
the heat conductivity and the quantity of heat which 
the piston takes up from the hot gases ; that quantity 
was found to be 30 per cent. lower for the light 
metals than for cast-iron. The sooty surface enab! 
the metals to take up 2°6 times more heat than the 
clean surface. 

As regards ease of running and wear all the pistons 
were submitted to a continuous run of 4 hours, followed 
by longer runs ; further reports are to be published re- 
garding the latter. Whether much reliance can be 
placed on examination following a 4-hour run, may be 
questioned ; but it was considered—and confirmed by 
the further trials—that these tests brought out the 
characteristic features. Unquestionably hardness of 
the piston material favours steady running and kee 
the wear down. The hardness was determined by the 
Brinell method, and the materials gave hardness num- 
bers in kilogrammes per square centimetre, i 
from 194 for the cast-iron down to 120 for the hardest 
aluminium alloy and 67 for the softest, and from 67 to 48 
in the case of the magnesium alloys. But hardness 
is not alone to be considered. A magnesium alloy of 
hardness of 60 proved equivalent to an aluminium 
alloy of hardness of 100, because the aluminium tends 
to “ smear” more than the magnesium does. As soon 
as magnesium is alloyed with aluminium, the alloy 
takes from this point of view the character of an 
aluminium alloy. Thus it was found that the pistons 
of cast-iron, of the hardest Al-alloy and of the Mg-alloy 
G EK suffered practically the same wear. 

The two photographs, reproduced in Figs. 4 and 5, 
which Dr. ker has sent us, were taken in March 
(i.e, a to the publication of the report) 
after a full-load run of 100 hours of the GE K 
piston in the Daimler motor. The motor gave 47 h.p. 
to 50 h.p. at a benzol consumption of from 228 grammes 
to 236 grammes per hour, the oil consumption being 
90 grammes per hour ; this oil consumption went down 
to 55 grammes and to 30 grammes at two-thirds and 
one-third loads. The diameters of the four cylinders had 
increased by 0-003 mm., 0-008 mm., 0-006 mm. and 
0-015 mm; no reduction of the dimensions was 
then measurable. The photographs show the piston 
in the uncleaned condition ; the piston, piston rings and 
other parts were considered to be in good condition. 

The report further discusses other features, notably 
the construction of the pistons, their shapes, the 
mounting and piston rings and bolts, and the clearance, 
&c., points which | y depend u the thermal 
expansion, but which cannot profitably be 
without full diagrams. The expansion coefficients of 
the various alloys were nearly twice as large as that 
of cast-iron (from 244 to 288 against 136 in the case of 
cast-iron, in 10-7 units), but the clearance, it is 
said, need only be increased by about 50 per cent. 
Cylindrical pistons without ribs and with narrow rings 
(3 mm. to 4 mm. in height) are recommended. In the 
final order of merit the G E K stands first, followed 
by the aluminium pistons Hirth B and Hirth E and 
the GEA piston (Mg-Cu). Tho addition of about 
12 per cent. of copper to either aluminium or magnesium 
seemed to be advantageous. 





Hear TREATMENT OF ALUMINIUM ALLOoYs.—Notes on 
the heat treatment of wrought aluminium alloys for 
aircraft p have recently been issued by the 
British Engineering Standards Association, 28, Victoria- 
street, Westminster, 8.W. 1. The notes are in the form 
of leaflets, one of which, numbered M. 18, relates to 
** Duralumin,” and the other, numbered M. 19, to “ Y”’ 
alloy. General instructions for the use of these materials 
are given and the methods of annealing, final heat treat- 
ment end riveting are explained in detail. The in- 
structions, we notice, are practically identical for both 
alloys, except that the temperatures are different. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel.—T here will be no appreciable movement 
in any of the local industries this week. The bulk of 
the heavy departments are shut down on holiday account, 
and others which normally would have resumed, await 
the result of the engineering ballot. That result will 
have a great effect on production throughout the South 
Yorkshire area. From the standpoint of orders the 
position has steadily improved during the last six weeks. 
A greater — of home and overseas inquiries has 
resulted i efinite contracts, and work which was 
suspended during the period of high prices has been put 
into commission ; but until the engineer key-men return 
it is impossible to make headway. Should they decide 
to return, it will be possible on the strength of new book- 
ings to absorb a considerable percentage of the semi- 
skilled and labouring element among Sheffield’s 50,000 
unemployed. The ye a movement has at last become 
manifest in a minor degree in the tool section. Colonial 
and Dominion markets are keeping closely in touch with 
revised values. Foreign ‘gone is less severe here 
than in any other branch. The main obstacle appears 
to be the maintenance of a ruinous policy of undercutting 
among home manufacturers. This is mainly due to the 
apparently endless unloading of Government surpluses, 
which enables merchants ing war stocks to get 
much below the current cost of production. Edge tool 
manufacture suffers acutely on this account. 
competition in files, saws, and twist drills is particularly 
severe. Colonial orders for railway axles, tyres and 
springs are being steadily placed, and home railways 
are less ni y in placing contracts for renewals. 
There is also evidence of more movement in colliery 
machi and equipment, and in steel fittings and 
castings for the automobile and agricultural industries. 
Businesses supplying requisites for electrical engineering 
are ing a close watch on wireless broadcasting 
developments. Scarcity of new business in the building 
trade is responsible for an average reduction of 74 per 
cent. on fireplaces and light —— In alloys, tungsten 
awe has moved up 2d. to ls. per pound, but is still 

elow the pre-war level. Sales of special steels are 7 
difficult to negotiate particularly in view of rising tarifis 
in consuming countries. 

South Yorkshire Coal Trade.—Optimistic manufac. 
turers are negotiating for increased supplies in anticipa- 
tion of improved labour conditions in the early future. 
Meanwhile shipments of best steams are maintained at 
a high level, and prices have a firm appearance. In 
contrast, home gas companies are content with minimum 
deliveries, while business in best quality house coal has 
dwindled greatly. Unofficial cuts of from 2s. to 5s. per 
ton are at individual collieries. It is likely 
that market quotations will show an early revision down- 
wards. The coke market is almost solely dependent 
on the export demand for foundry sorts. Quotations :— 
Best branch handpicked, 38s. to 39s.; Barnsley best 
Silkstone, 34s. to 36s. ; Derbyshire best brights, 33s. 6d. 
to 348. ; Derbyshire best house, 26s. to 28s. ; Derbyshi 


best nuts, 24s. to 26s. ; Derbyshire best small nuts, 
16s. to 188.; Yorkshire hards, 23s. to 24s.; Derbyshire 


hards, 21s. to 23s.; rough slacks, 10s. to 12s.; nutty, 
7s. 6d. to 8s. 6d. ; smalls, 2s. to 48. 6d. 





Tue Berrum-Reiwe TELEPHONE CasBLeE.—The de- 
cision to connect Berlin with the two chief cities of the 
Rhine, Diisseldorf and Kéln, by a direct subterranean 

hone cable dates from 1911, but the work had 

ly advanced beyond Magdeburg by the inni 
of the war, and it was only — last winter. The 
straight-line distance from Berlin to either of the two 
cities is over 300 miles, and the cable is at present 
probably the longest in Europe. The cable was pro- 
vided m the outset with Pupin loading coils ; 
recently electronic valves have further been added. 
The cables are drawn into the tubular conduits of 
cement blocks in which the lead sheathing of the 
cable is not ially protected. The conduit is acces- 
sible by w 170 m. apart; every 1-7 km. a 
larger well is provided, and at distances of 30 km. 
testing stations have been fitted up. Part of the 
wires were made in the new mills of the Siemens- 
Schuckert Werke at Gartenfeid, which were built by 
Friedrich Krupp, and started supply in January 1920. 
The actual capacity of the mills is 7°5 tons of wire per hour. 





Traction Crrcuirs 4aND TELEGRAPH WrirEs.—At the 
recent International Railway Congress at Rome there was 
@ certain amount of discussion co ing the trouble- 
some interference with telegraph lines which was liable 
to occur due to the inductive effects of alternating-current 
traction circuits. In some cases telegraph and telephone 
wires had to be removed from the neighbourhood of the 

wer conductors in order to avoid interference. Messrs. 

. Frattola, V. E. Castelli and R. Regnoni of the Italian 
State Railway Administration have devised a tele- 
graphic system which is claimed to be immune from 
interference troubles, and this system is now being tried 
on certain of the Italian electrified lines. The usual one- 
wire circuit with earth return is retained, but ery an nny 4 
is effected by means of an alternating current having a 
frequency relatively high to that used for traction. 
The telegraph receiving apparatus is tuned to respond 
to the frequency of the message current and remains 
insensible to currents of lower f y induced by the 
a of the traction system. Frequencies of 126 to 

50 periods are used for the telegraphic current, 
being sufficiently remote from the frequency of currents 
used for traction or industrial puneanee- A pamphlet 
describing the ap tus has been forwarded to us by 
Mr. Enrico Frattola, of 197 via Tritone, Rome. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Holidays this week have 
caused business to be almost suspended, but a feeling 
prevails that expansion of trade will quickly follow the 
end of the disastrous deadlock in the engineering industry. 
Sales of Cleveland pig-iron to Scotland are still conducted 
on the basis of 96s. 8d. f.o.t. Grangemouth for No. 3, 
but all other home and foreign transactions are on the 
usual terms of f.o.t. makers’ works or f.o.b. Tees, and 
uotations stand:—No. 1 and siliceous iron, 95-. ; 
o. 3 G.M.B., 908.; No. 4 foundry, 87s. 6d.; No. 4 
forge, 85s.; and mottled and white, 80s. 


Hematite.—Notwithstanding curtailment of pro- 
duction, output of East Coast hematite is more than 
sufficient for current needs, but with se ge of con- 
suming works being busier in the near future, the make 

romises to be fully taken up. Nos. 1, 2 and 3 are 96s. 
or home purposes, and 95s. for export. 


Foreign Ore.—New business in foreign ore is on an 
extremely limited scale, but heavy imports are over- 
taking arrears of deliveries, so that demand should 
improve. Best rubio is 27s. c.i.f. Tees, and good Mediter- 
ranean ores are 23s. 6d. c.i.f. Tees. 


Coke.—Blast-furnace coke is falling in value. Average 
Durham —— are now on sale at 27s. delivered, and 
— local consumers report that they can purchase at 
ess. 


Manufactured Iron and Steel.—Extreme quietness still 
characterises nearly all branches of finished iron and steel, 
but hope is now entertained that the worst of the 
depression has been experienced, and that a fair number 
of orders that have been held up by the deadlock in 
engineering will be released. Business on export account 
can still be put through at substantially below the 
following rates to which manufacturers adhere for home 
trade :—Common iron bars, 12/. ; iron rivets, 141. ; steel 
billets (soft), 7/. 10s.; steel billets (medium), 8/. 5s. ; 
steel billets (hard), 81. 15%. ; steel boiler plates, 14/. 10s. ; 
steel ship, bridge and tank plates, 10/. 10s. ; steel angles, 
101. ; steel joists, 107. 108. ; heavy sections of steel rails, 
9l. 10s.; fish plates, 141. 10s.; black sheets, 12/.; and 
galvanised corrugated sheets (24-in. gauge, in bundles), 
151. 15s. 

Shipments of Iron and Steel.—The May shipments of 
iron and steel from Middlesbrough, together with 2,780 
tons of pig-iron from the neighbouring port of Skinnin- 
grove totalled 79,389 tons, composed of 40,991 tons of 
pig-iron, 10,829 tons of manufactured iron, and 27,560 
tons of steel. For the previous month the total clearances 
of iron and steel reached 86,902 tons. Of the pig-iron 
shipped during May, 27,371 tons went to foreign ports, 
and 13,620 tons coastwise; of the manufactu: iron 
despatched 10,511 tons went to foreign ports, and 318 
tons coastwise; and of the steel cleared 22,546 tons 
went to foreign ports, and 5,014 tons coastwise. The 
principal receivers of pig-iron were :—United States, 
8,900 tons: Wales, 7,820 tons; Belgium, 3,449 tons ; 
France, 2,985 tons ; Germany, 2,811 tons; Italy, 2,764 
tons ; Scotland, 2,385 tons ; Denmark, 1,452 tons; and 
Finland, 1,150 tons. As usual India was the largest 
customer for both manufactured iron and steel, taking 
9,901 tons of the former, and 10,975 tons of the latter. 
Among the other principal receivers of steel were :— 
China, 1,487 tons; Straits Settlements, 1,453 tons ; 
Siam, 1,052 tons; South Australia, 1,008 tons; and 
Victoria, 1,005 tons. 

Ironworkers’ Wages.—The accountants to the Board of 
Conciliation and Arbitration for the Manufactured Iron 
and Steel Trade of the North of England having certified 
the wa net selling price of bars and angles for the 
two months ending April 30, at 11i. 58. 10-24d. per ton, 
as compared with 11/. 16s. 10-05d. per ton for the 
previous two months, under sliding scale arrangements, 

uddling and other forge and mill wages are reduced 
- 5 per cent. for the months of June and July. 





ALumMiIniuM TuBES FoR AIRCRAFT CONSTRUCTION.— 
Publication No. 2 T. 9. of the British Engineering 
Standards Association relates to aluminium tubes for 
aircraft _ and cancels the Admiralty Air Depart- 
ment’s Specification T. 9. The specification covers the 

uality of the material, the dimensions and tolerances 
or standard tubes up to 3 in. in diameter, mechanical 
tests, and the procedure in c¢ tion with inspection ; 
it is intended in fact, to include all the technical pro- 
visions necessary for the supply of the material referred to. 
The address of the association, from which copies of the 

ublication can be obtained, is 28, Victoria-street, 

estminster, 8.W. 1. 








Arrcrarr Dore AND PROTECTIVE COVERING.— 
A revised edition of the British Engineering Standards 
Association’s ‘“‘ British Standard of Reference for Aircraft 
Dope and Protective Covering,” is issued in publication 
No. 83, and provides a standard of reference repro- 
ducible in any laboratory, so as to enable a satis- 
factory comparison to be made of various commercial 
dopes. The pamphlet includes formule for reference 
dope, “ Raftite’’ solvent and for reference protective 
covering with complete specifications for the ~~ 
used for making these solutions. In appendices the 
standard distillation apparatus and the method of us' 
is described, and the method of applying the dope an 
protective covering is explained in detail. The price 
of the publication is ls. net, or 1s. 2d. post free, and it 
can be obtained from any bookseller or from the offices 
of the association at 28, Victoria-street, 8.W. 1. It is 
published for the association by Messrs. Crosby Lock- 
wood and Son, 7, Stationers’ Hall-court, E.C. 4. 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Scottish Steel Trade.—The outlook in the Scottish 
steel trade is much more hopeful with so many union 
men returning to their various employments this week, 
and the prospect of the Amalgamated Engineering Union 
men also coming to terms with their employers in the 
near future. Meantime work in the steel works is still 
very unsatisfactory and no distance ahead can be seen, 
but managements anticipate a ually improving 
demand for general material as the various branches 
of the engineering industries absorb their men. Inquiries 
have been increasing of late, but little booking has 
resulted so far. The export trade is not good, but 
inquiries for shipment lots are coming in more frequently, 
and that would indicate that foreign buyers are very 
likely to come into the market as actual purchasers at no 
distant date when conditions here become a little more 
normal. Black steel sheet makers report no improve- 
ment in the demand either on home or export account, 
and the various works are doing very y at present. 
Foreign inquiries are fair, but little business is following, 
and it would seen that the foreigner is just feeling the 
pulse of the market still, and, having held off so lo 
now he considers that by waiting a little longer he wi 
be able to place his orders on more advantageous terms 
shortly. Prices show no alteration this week, but one 
would not be surprised if the steel makers at their meeting 
at the end of the week decide to lower their quotations. 
Two reasons are being advanced by those in favour of 
a cut, firstly the increasing competition from the Con- 
tinent and secondly that easier prices will bring out 
fresh business. 


Malleable Iron Trade.—No c 
in the malleable iron trade of the 
home buying may take a turn for the better now that the 
labour dispute is nearly over. Orders for export are 
small and not very remunerative. Employment is very 
bad, as only a few shifts ad week is the general run in 
the district. The price of “crown” bars is unchanged 
at 11/. per ton delivered Glasgow. 


Scottish Pig-Iron Trade.—A rather better tone is pre- 
vailing in the Scottish pig-iron trade this week, but 
movement is still very restricted, and the present output 
continues to be more than ample to meet all demands. 
The prospect of some improvement at the steel works 
will lead to a little d for h tite, and that cannot 
come along toosoon. With the men (all who can actually 
be absorbed at present) of the 45 unions which have 
accepted the offer of the Engineering Employers’ Federa- 
tion back at work now business will sodeniy get better, 
and the demand for all kinds of iron willincrease. At the 
moment, moreover, there are indications of an improved 
shipping demand, which will certainly ease the situation. 
Prices are as follow :—Hematite, 51. 5s. per ton, delivered 
steel works ; foundry iron, No. 1, 4l. 18s. per ton; and 
No. 3, 41. 138. per ton, at producers’ works. 


can be reported 
est of Scotland, but 








Gravine Dock at DurBan.—In connection with the 
new graving dock which is being constructed at Durban 
by the Department of Harbours and Railways, the High 
Commissioner for the Union of South Africa has placed 
with Sir W. G. Armstrong, Whitworth and Co. the 
contract for the supply and erection at Durban of two 
caissons for closing the inner and outer entrances of the 
dock, with the hauling machinery, complete. The 
caissons will be of the rolling ‘‘ box” type, the outer 
entrance being 110 ft. wide by 47 ft. deep, while the inner 
entrance will be 110 ft. wide by 49 ft. deep. The outer 
caissons will carry vehicular traffic, while the inner 
caissons will take pedestrian traffic only. In each case 
the hauling machinery will be electric. 





Brrrapay Honours.—Among the honours conferred 
by H.M. the King on the occasion of his birthday this 
year there are but few that have been bestowed upon 
members of the engineering profession and industry. 
Baronetcies have been given to Lieut.-Colonel Sir John 
Norton-Griffiths, K.C.B., D.S8.0., M.P., late Lieut.- 
Colonel of the 2nd King Edward’s Horse, who rendered 
valuable services during the war; upon Mr. Edmund 
Nuttall, A.M.Inst.C.E., who is h of the firm of 
Nuttall and Co., of Manchester, and who has been 
connected with many important ineering works ; 
and upon Mr. George Sutton, M.I.E.E., Chairman and 

Director of Henley’s Telegraph Works, and 
one of the founders and a past-Chairman of the Cable 
Makers’ Association. The honour of knighthood has 
been conferred upon Mr. Edwin Airey, mrss 
Director of William Airey and Son, ineers an 
Contractors; upon Lieut.-Colonel Alan Hughes Bur- 
goyne, M.P., who has always taken a deep interest in 
naval matters ; upon Major Collingwood George Clements 
Hamilton, M.P., an engineer by profession, who in 1917 
was Director of Enrolment, National Service, and in 
1919-20 was Parliamentary Private Secretary to the 
Minister of Pensions; upon Mr. Ernest Montague Hugh- 
man, late of ©, Hughman and Co., Engineers and 
pm ore ys is a member of the Council of the 

nstitution of Engineers in India and Hon. Secretary 

3 the — Council of the E h ang of 
‘lectrical Engineers; upon Mr. Edward Mauger Iliffe, 
C.B.E., director of [liffe and Sons, publishers, and Con- 
troller of the Machine Tool Department of the Ministry 
of Munitions ; and Mr. William Mills, who, in addition 
to being a member of the Imperial Mineral Resources 
Bureau, is the inventor of the Mills hand grenade so 
extensively ree throughout the war. A Com- 
panionship of the Order of St. Michael and St. George 
has been conferred upon Mr. William Herbert Barrett, 
Assistant General Manager of Railways and Harbours, 
Union of South Africa. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—T he trading results of the South Wales 
coal trade for April was worse than in any other month, 
with one exception, since the termination of the national 
strike. The surplus profits, according to the certifi- 
cate of the joint accountants, amounted to only 13,144i., 
and the industry can only afford to pay in June 7-37 per 
cent. above the 1915 standard rates. The minimum 
under the national ent is, however, 28 per cent., 
and this has to be e up by the owners sacrificing their 
standard profits, their share of the surplus fits and 
by finding 36,0007. The surrender of the standard profits 
involves a sum of 280,354/., so that the total loss to the 
owners is 316,684/. This unsatisfactory result was 
brought about by a loss in production in April, caused 
by holidays, and an increase in the cost of production. 
In April there were only 23 working days, compared 
with 27 in March, while snowstorms at the beginning of 
the month also interfered with the output, which was 
800,000 tons less than in March. This heavy reduction 
was accompanied by an increase in the cost of pro- 
duction of ls. per ton, 10d. of which was for costs other 
than wages, and 2d.forlabour. At the same time selling 
prices were practically the same as in March. The un- 
satisfactory result of the April audit is illustrated by the 
— st table showing the audits for the six months 
ending April :— 


— Surpl Profi 
age us rofits 
Rate. Povtmaia. Sacrificed. 
1921. Per Cent. £ £ 
Negvember 12-11 109,949 247,000 
December 6-99 6,538 343,000 
1922. 
January ... 11-00 85,000 262,000 
February 9-13 46,043 284,000 
March ... 16-76 227,837 171,371 
April 7°37 13,144 316,684 


Meanwhile conditions on the coal market are none too 
bright. The foreign demand is quiet, and though the 
miners were given three days holiday for Whitsun the 
loss in production has not ingeovell the state of the 
market. Best Admiralty 1 coal is obtainable at 
268. 6d. to 27s., compared with 28s. 6d. a fortnight 
while best Monmouthshire large is available ro 
26s. 6d., and at these prices buyers continue to hold off. 
The position is rendered more awkward by the fact 
that the miners’ representatives have intimated to the 
owners that the men are not . to work for all 
time for the present wages, which, they state, after i 
into consideration the cost of living, are “‘ starvation’ 
wages. Foreign exports as cargo in the past week 
amounted to 544,000 tons, or 23,000 tons more than in 
the previous week. Of this total 152,000 tons were 
despatched to France, 110,000 tons to South America 
and 79,000 tons to Italy. 





Decrease In Mason Disasters IN AMERICAN COAL 
Mrnzs.—It is estimated by the United States Bureau 
of Mines that approximately 750,000 men were 
in coal-mini in the United States in 1921. The 
figure shows a loss of 30,000 employees from the pre- 
ceding year, when probably 780,000 men were employed 
in the industry. The quantity of coal produced in 
1921 represents ay es 251,000 tons for each 
life lost. Although this figure does not compare favour- 
ably with that for the preceding year, it has been sur- 
passed in only three years—1916, 1918 and 1920. Ap- 
proximately 144,000,000 shifts were worked by all 
employees in 1921, whereas 188,000,000 shifts were 
worked in 1920. On this basis the fatality rate per 
thousand full-time or 300-day workers was 4-11 in 
1921 as against 3-62 in 1920. i feature of 
the year’s operations was the small number of major 
disasters and of deaths resulting therefrom. There 
were but five accidents resulting in five or more deaths 
each, and the total number of deaths from such accidents 
was only 34, this number being smaller than for any pre- 

ing year since annual statistics of coal-mine fatalities 
have published by the Federal Government (first 
year, 1911), and also constituting only 1-7 per cent. 
of the 1,973 fatalities from all causes combined, a per- 
centage also lower than for any previous year during the 
same period. 





peony OF THE nag a food- 
canning industry has to fight many justi suspicions 
and unjustified prejudices. To meet these the National 


Canners’ Association of Washington, D.C., have esta- | Saf 


blished a research laboratory. According to the director 
+ whe laboratory, Mr. W. D. Bigelow, — 74 no type of 

isoning peculiar to canned . any cases 
of so-called pt ine-poisoning have been down 
by Gaertner and by Rosenau to bacteria which are 
harmless when taken by the mouth and which would not 
survive the heat of canning processes. The indis) 





P spensable 
vitamins are said to be destroyed by heat, but this applies 
at temperatures reached in boiling vegetables, 
me angers differ as to the parts played by oe heat and 
'y oxy; In canning 8 at 
Sb deg. O. & often considered cuflieient, © continncd 
for ; 80 minutes at 121 deg. C. are ied 
as ample for peas and corn. Slight di of 
foods, by traces of sulphuretted hydrogen liberated 
ee Sane ee ae 50 a ae 
an article badly. Hard water may make food 
tough. The suitability of a tinplate is best ascertained 
by trial; steel plate for ing should be pure, and 
contain not more than the following een 
carbon 0-2, sulphur 0 -05, silicon 0-025, phosphorus 0 -1, 
but this high purity is probably unnecessary in many 
cases. 


and | Saf 





NOTICES OF MEETINGS. 


Tue Norra or Encianp Instirure or MINING“AND 
MeEcHANIcAL EnGrngers.—Saturday, June 10, at 2 p.m., 
in the Lecture Theatre of the Institute, Newcastle-on- 





Tyne. General Meeting. The foll pers will be 
read and discussed: ‘The Limestone bal Reserve of 
North Northumberland.” by Mr. R. C. Carruthers, 


F.G.8.; “The Development of Metal Supports for 
Mines,’’ by Mr. John Roberts, D.I.C. 


Tue Mrxine Instirvte or ScoTrtanp.—Saturday 
June 10, at 3 p.m., at the Heriot Watt College, Chambers- 
street, inburgh. General Meeting. pers to be 
discussed: “‘T tion of Mines in Parallel,” by 
Mr. Joseph Parker, B.Sc.; “‘ Pipe Friction and Pump 
Efficiency,” by Mr. William Brazenall; ‘The Charac- 
teristic es of Fans and Their Application to Pre- 
determine the Output and Efficiency of Fans Working 


Singly and in Parallel on Various Resistances,” by 
Mr. h Parker, B.Sc.; ‘‘ Resistance to Traction 
of Mine Tubs,”’ by Mr. John Wilson. 


Tse Instirorion or MercnanicaL ENGINEERS.— 
Summer Meeting. Paris, June 12to17. At the Meeting 
Hall of the Société dos Ingénieures Civils de France. 
The following papers will be read and discussed : ‘‘ Feed 
Water Heaters for Locomotives,” by Professor Edouard 
Sauvage; ‘Electric Locomotives,” by Sir Vincent L. 


Raven, K.B.E.; ‘‘ Mechanical Vehicles and Road 
Surfaces,” by igadier- Lord Mon of 
Beaulieu, K.C.I.E., C.8.I.; “The Use of the Turbo- 


Compressor for Attaining the Greatest Possible Speeds in 
Aviation,” by Professor Auguste Rateau ; ‘ The super- 
saturated Condition as shown by Nozzle Flow,” by 
Professor A. L. Mellanby, D.Sc., and Mr. William Kerr ; 
** Air Compressors,” by Mr. William Reavell; ‘The 
Effect of Temperature on Some of the Properties of 
Metals,”’ by Professor F. C. Lea, O.B.E., D.Sc. Wednes- 
day evening, June 14, at 8.30 p.m.: Lecture, ‘“‘ Recent 
Photo-Elastic Researches on Problems,” 
by Professor E. G. Coker, D.8c., F.R.S. Thursday 
evening, June 15, at 7.30 p.m.: Institution Dinner in 


the Hotel Continental. Visits to various works—Liége, 
June 18 to 21. Official by His Majesty the 
ing of the ians of the ternational Scientific 


bition. eetings of the International Scientific 
Congress. Visits to various works. 


Tue [non anv Street Instirvre.—Tuesday, June 13, 
at 3 p.m., in the Mappin Hall, Sheffield University. 
Further discussion of . * British Siemens Furnace 
Practice,” by Mr. Fred. Biemente. 





ELECTRIFICATION OF THE GoTTHARD Ratmmway.— 
On Sunday, May 28, the first electric train from Goldau 
arrived in Luzern. Electric traction was thus intro- 
duced on the last section of the Gotthard Railway, 
and the work of the electrification of the whole line, 

hiasso-Luzern, was completed. The total distance is 
225 km. (140 miles). It is interesting to note that, just 
forty years previous, the main line of the Gotthard 
Railway was opened on June 1, 1882, and that twenty- 
five years previous, again on June 1, the branches 
Immensee-Luzern and Goldau-Zug were ready for 
service. The electrification work of the Gotthard 
Railway was begun in 1913, and carried out under the 
direction of the engineers A. Schrall and E. Huber- 
Stockar. Much — by the war, the work involved 
a@ good deal more e electrification alone would 
have required. Some of the bridges and viaducts had 
to be strengthened and rebuilt, and the creation of the 
Lake Ritom hydroelectric power station, which feeds 
the line, offered exceptional culties, to which we have 

erred on various occasions. In a few months, when 
the turbines in the Amstey power station, the second 
electricity supply source, will have been installed, the 
electric service will be extended to the Luzern-Basel line. 





VULCANISED Fisre.—The Board of Trade give notice 
that they have received a complaint by the British 
Electri and Allied Manufacturers’ Association that 
vulcanised fibre manufactured in the United States of 
America is being sold or offered for sale in the United 
Kingdom at prices below the cost of production thereof 
as defined by the onesiing of Industries Act, 1921, 
and that by reason thereof employment in the vulcanised 
fibre industry in the United om is being, or is likely 
to be seriously affected. The Board of Trade, in exercise 
of the powers conferred upon them by Part II of the 
of Industries Act, 1921, have referred the 
matter for inquiry to a committee constituted for the 
oy eli that part of the Act, and consisting of 

ir Mallet, K.C.B. (chairman); Mr. J. Arthur 
Aiton, C.B.E.; Sir John N. Barran, Bart.; Mr. G. A. 
Moore ; = Mr. Arthur h. Bg commmittee 4 
directed, after ascertaining the facts, to ort to the 
President of the Board of Trade: (a) Whether the 
condi! specified in Section 2, Sub-section (1) of the 
i of Industries Act, 1921, are fulfilled ; 
b) on the effect which the i ay of a duty under 
‘art II of the Act on goods of the class or description 
ee t Lape sir wn on rete at 
in any other industry being an industry using goods o 
that class or description as material ; _ 
in the opinion of the committee production in the industry 
manufacturing similar in the United Kingdom is 
being carried on with reasonable and economy. 
The committee propose to hold their first sit for the 
taking of evidence at 11 a.m. on Tuesday, June 20, 1922, 
at 5, Old Palace Yard, Westminster, ndon, 8.W. 1. 
The secretary of the committee is Mr. W. W. Hobson, 
Board of Trade, Great George-street, London, 8.W. 1, 
to whom all communications should be addressed. 
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RAILWAY ECONOMIES. 


For the reason that their successful operation 
involves so much real engineering we have always 
given considerable prominence to matters affecting 
the railways of this country. Doubtless the same 
connection prompted Sir Eric Geddes to take as his 
subject for the Canet Lecture delivered before 
the Junior Institution of Engineers on Thursday, 
the Ist inst., the Railway Act of 1921. Having 
been responsible for the Bill, and for its passage 
through Parliament, no one could very well be better 
able to give an exposition of its intentions. Beyond 
some cursory references to general matters, Sir Eric 
quite appropriately, in view of the audience to 
whom he was addressing himself, paid most attention 
to points of an engineering nature on which the 
changed conditions will have a very material effect. 

There is a common saying that there is wisdom 
in many counsellors. But if we go back to the 
original in the Book of Proverbs the reading will 
be found to be “In the multitude of counsellors 
there is safety,” which savours much more of 
caution than of action. It is, in fact, the general 
experience that the more there are in general con- 
"| sultation the less definite is the action taken, The 
recent railway congress at Rome is a case in point, 
although in that particular instance there were 
complications of language and of schools differing 
more widely in thought and practice than usual ; 
but the fact was clearly evident that while agreement 
could be reached on lines so broad as to be of little 
practical value, anything of the kind on practical 
and constructive detail was very difficult to arrive 
at. Both biblical and secular history, as a matter 
of fact, justify the idea that if there are things to be 
achieved in the world they are best left for their 
actual accomplishment to one man, or at the most 
afew. It is the small committees which get through 
the most work, and through which most of the real 
progress is made, and for this reason there is hope 
that in the new railway era we shall see decisions 








arrived at on questions on which it has hitherto 
been difficult either to obtain agreement, or action. 

This aspect Sir Eric made one of the chief points 
of his address. The amalgamations which have 
taken, are, or will be, taking place, will have the 
effect of placing technical decisions in the hands 
of a few able men, instead of, as hitherto, the actions 
of men of the front rank being hampered by the 
reluctance or inability of others to commit them- 
selves. A practical solution is clearly more possible 
between four really capable men, than between the 
representatives of some 120 systems—and, it may 
be added, since each group will be a large organisa- 
tion, and each chief may be expected to work for 
uniformity on his own system, even if co-operation 
with others cannot be pushed very far at first. Thus, 
in any case we shall have a fairer prospect of getting 
things done, for the policy and force of one man 
invested with large powers will replace the many, 
some of whom in the past even when willing, have 
lacked the means. This idea, must, however, not 
be pushed too far, for the 120 systems referred to 
by Sir Eric Geddes range all the way from separate 
systems to small concerns operated by larger 
companies and having little more in the way of staff 
than that at their registered offices. 

It is, of course, early yet to discuss the ultimate 
organisation of the big groups, but it would appear 
reasonable to expect that in the future these large 
undertakings will each have something in the way 
of general headquarters which will decide broad lines 
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actual operation will be rather more decentralised, 
each group being divided up into a number of sub- 
systems of workable size, which may, or may not, 
resemble the old companies in field of operations 
or organisation. The headquarters would include 
the chief technical and other officials, with a staff 
adequate to deal with such problems as would pass 
up to them, to maintain uniformity of policy over 
the whole. Naturally the sub-systems would be 
as large as would be economical ; smaller shops, &c., 
would be suppressed and concentrated, and so on. 
In this way it would be possible to work towards 
standardisation, and, by avoiding overburdening the 
highest technical staff with too much executive 
detail, would enable full attention to be devoted 
to the questions to be settled and the relative merits 
of different solutions. 

At the best, as Sir Eric pointed out, results will 
be slow of realisation. Everyone who has attempted 
anything in the way of standardisation on railways, 
especially where British practice prevails, is aware 
how painfully long a time it takes to make a notice- 
able impression on the whole field. An engineer’s 
professional lifetime is hardly sufficient for the 
change unless it be accelerated in some way. If 
standardisation be based on normal replacements 
it may be forty years before the older types of loco- 
motives are eliminated, by which time probably new 
conditions will have arisen requiring new standards, 
so that while it might be possible to work all the 
traffic of this country by eight or ten classes of 
locomotives, the actual number of types could 
never possibly be reduced to anything like that 
figure. In addition to standard classes a large 
number of parts may be taken in hand, and standards 
thus introduced by degrees into the older types, but 
the years when these fall in for renewal are really 
very slow in coming round, and there is often very 
little actually to show for a great deal of work and 
thought. Some years may be cut off the life of 
a remainder if information is available to show that 
the cost of upkeep or working of those still surviving 
is abnormal. 

Going back a good many years we may refer to a 
rather extreme example. A railway of standard 
gauge was run in such a way that when its loco- 
motive stock had increased to about 200 it had 
54 different types in service. At one period of 
development the average number of locomotives 
per class was no larger than 1-8, while the classes 
increased at the rate of 3-25 per annum. In a sub- 
sequent period of about twenty-five years, when 
standardisation was carefully worked out, the stock 
increased to nearly 500, while the number of classes 
requiring regular repairs was reduced to 22, with, 
in addition, a few exceptional machines for very 
special work. Standards were worked out in 
such a way as to group, for the purposes of repair 
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parts many of the old classes with the new stock. 
In one instance no less than seven old classes were 
grouped into one for renewable parts, and these 
in many items conformed to the seven standard 
classes for new stock. From the earlier chaos a 
state was gradually evolved in which, with more than 
twice the stock, including new and old, 50 per cent. 
of the engines had only three types of cylinders 
between them, 69 per cent. of the stock had standard 
valves and about the same number standard motion, 
while a much larger proportion had standard cranks 
and big-ends. If a few survivals of over forty years 
of age were eliminated, the above figures would be 
still more favourable—but, as the limit of the old 
engines and rebuilds was reached, conditions had 
become such that the seven standard classes no 
longer sufficed for the traffic, and more powerful 
engines had to be introduced. The number of 
classes consequently increased again, even before 
the old standards had completely leavened the whole. 
This will always remain likely if the world is to 
progress, but is no reason for abandoning a wise 
standardisation policy as hopeless of consummation. 

In another direction on the railways economy 
will clearly be possible. Many towns are served by 
several railways, which, in some cases, will now be in 
the same group. Obviously, operation will be 
simplified, and better value obtained from the 
property by reorganising working, possibly to the 
closing down of certain stations, or goods or marshal- 
ling yards. Ultimately it may prove feasible to 
retrieve some of the capital invested in the property 
no longer of service to the railway. Such changes 
as these will be as slow as those referred to above. 
It must take time to decide what is best in each case, 
to effect the necessary alterations, provide physical 
connections or add to the central accommodation. 
Expense will also be involved, and the various plans 
will have to be realised by degrees. Some econo- 
mies of this character were introduced before the 
war, but at that time the railways were being 
forced, by the trend of public policy, such as the 
refusal to allow them to combine, into a system of 
pooling from which Sir Eric Geddes claims the Act 
of 1921 has now saved the country. In the pooling 
then being introduced any company introducing 
improvements only reaped a portion of the resulting 
benefit, with the result that development would 
ultimately have been stultified. Of such a condition 
we are certainly well rid. 

There are, of course, obvious difficulties ahead. 
Most railway officials agree on the question of larger 
wagons, but before larger units are in regular service 
two important questions require settlement, namely, 
brakes and couplings. If power brakes become 
possible through the adoption of some form of 
tight coupling, the choice of system will have to be 
made, as dual fitting on freight stock is prohibitive. 
These and other problems which we inherit will give 
the reduced number of chief officials plenty to think 
about when all the questions of organisation, &c., 
have been settled, but, with Sir Eric, we may 
reasonably look for more expeditious concerted 
action now, all things considered, than was probable, 
or possible, formerly. 





PROBLEMS FOR UNITED STATES SHIP- 
OWNERS. 

WuEN it is remembered that while in most 
maritime nations the development of merchant 
shipping has been gradual and has followed the 
natural expansion of trade, it is not particularly 
surprising that numerous problems have arisen in 
connection with the suddenly created merchant 
marine of the United States. The gross register 
tonnage of the American merchant navy has grown 
from 8,871,000 tons in 1917 to 18,282,000 tons in 
1921, and the whole of the additional tonnage 
consists of ships designed for international com- 
merce, of which American owners and managers 
have had but little experience. Excellent organisa- 
tions, however, are now working which will help to 
supply this deficiency, and much may be done by 
a nation possessing the energy and determination 
of the Americans, to remove or surmount the other 
obstacles which still hamper the establishment of a 
great American mercantile marine. 

The success or failure of American efforts in 
this direction has naturally a considerable interest, 
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not only to the shipping community in this country, 
but to the nation in general, and for this reason it 
may be worth while to consider how the problem is 
regarded in the United States, and what steps it is 
proposed to take there towards its solution. We 
have already dealt, on page 794 of our last volume, 
with some aspects of the problem as presented in 
a number of papers read before the Society of Naval 
Architects and Marine Engineers in November last, 
and we now propose to refer briefly to another 
communication to the same body read by Mr. 
Eugene E. O'Donnell at a special meeting of the 
Society held in New York on the 19th ultimo. 

The author, who is a manager of cargo steamers 
engaged in both the coastwise and overseas trades, 
first points out that, as a whole, the American 
merchant marine is by no means well adapted to the 
particular requirements of the nation. The new 
fleet, built mainly for war purposes, contains, he 
says, far too great a proportion of slow-speed 
“tramp” steamers, and lacks not only fast pas- 
senger vessels but also cargo steamers of the liner 
type. Another handicap referred to is the payment 
for wages and subsistence of the crews of American 
vessels on a higher scale than is paid by European 
or by Japanese shipowners. American shipboard 
wages are put at from 30 per cent. to 40 per cent. 
above the British scale, and the latter at some 15 per 
cent. above the Scandinavian scale. The author, 
and the majority of American owners and shippers, 
regard State assistance as the only possible means 
of reducing this particular handicap. 

An important point in this connection is the 
relative efficiencies of the crews, and the author 
admits that, on the average, the efficiency of 
American officers and men, due to less experience, 
is lower than that of their European rivals, although 
he believes the disparity is rapidly lessening. This 
seems to be one of the greatest difficulties confronting 
the American shipowner. Time, as the author rightly 
remarks, is the only possible remedy, and to us it 
appears likely to require several years to train 
officers and men in sufficient numbers to man the 
new American fleet efficiently. The master of a 
tramp steamer, for instance, requires considerably 
more than a knowledge of navigation and seaman- 
ship in order to work his ship to the best advantage 
of the owners, and it is largely in the necessary 
business training and experience in commerce in 
distant foreign ports that many American masters 
are, at present, lacking. 

The question of manning schedules, in which 
the author claims that foreign competitors have 
some advantage over American owners, does not 
appear to us to be very material, at least in com- 
paring British and American ships. Mr. O’Donnell, 
in fact, acknowledges that most British ocean-going 
ships engaged in foreign trade carry as many certi- 
ficated deck officers, and frequently as many engi- 
neers, as do American ships, but states that British 
legislation relating to this and other similar matters 
is generally less stringent than American. 

National assistance, in the form of beneficent 
legislation and subsi:iies, such as has been recom- 
mended to Congress by the American Steamship 
Owners’ Association and the United States Ship 
Operators’ Association, the author regards as a 
sine qua non to the successful development of the 
American merchant marine. In the first place, 
he recommends that a shipping subsidy law should 
not require a proportion of more than 40 per cent. 
of American citizens among the deck and engine 
staffs of American ships. The present proportion, 
as indicated by the returns of the shipping com- 
missioners, is about 55 per cent., but the author 
remarks that it would be difficult to maintain the 
required percentage in foreign ports owing to the 
inducements to American seamen to desert. Why 
this should be so, however, is by no means easy to 
understand if American crews are considerably 
better paid and somewhat less efficient than those 
of foreign vessels. 

As a further indication of what should be done to 
improve the existing state of affairs, the author 
summarises the report of the Navigation Laws 
Committee, which has recently been issued to the 
public by the United States Shipping Board. In 
the first place, the committee recommends that 
existing American navigation laws, which are at 





present scattered through numerous volumes of 
statutes and regulations, with many amendments 
and clauses repealing Acts and parts of Acts, should 
be recoded into a single Shipping Act similar to the 
British Merchant Shipping Act, and, further, that 
responsibility for the enforcement of the law 
should be consolidated in a single department 
resembling the British Board of Trade. With regard 
to the steamboat inspection laws, the committee 
find that these should be made more elastic to 
enable administrative officers to use discretion as 
to their enforcement. The existing law, it is pointed 
out, is too general in character and does not give 
due consideration to the varied types of vessels 
engaged in different kinds of navigation, thus being 
difficult to apply and imposing what are regarded 
as unjust burdens on American shipowners. 

As an example of these, it is mentioned that 
boilers of American vessels are required to be tested 
annually by hydraulic pressure to one and a half 
times the working pressure allowed, whereas the 
classification societies, the British Board of Trade, 
and maritime governments generally, only require 
the test to be applied at the original inspection of 
the boilers and thereafter at the surveyor’s dis- 
cretion; usually it is only applied at the survey 
period which occurs about once in four years. The 
annual inspection of the hulls of American cargo 
vessels is also regarded as an unnecessary burden 
on owners, in that it involves a loss of from one to 
three days, according to the size of the ship. It is 
suggested that passenger vessels should be sub- 
jected to this inspection annually, except as regards 
the hydraulic test of the boilers, and that life- 
saving equipment of all vessels should be inspected 
annually. The hulls of cargo vessels, however, 
should only be inspected at the survey periods, 
i.e., once in every three or four years. Further- 
more, it should not be necessary for vessels to 
return to an American por* for the periodical inspec- 
tions, which should be carried out by representatives 
of the Bureau of Shipping located in various foreign 
ports. This examination would extend the life of 
the certificate of inspection until the vessel’s first 
arrival at an American port. Various modifications 
to the Seamen’s Act are suggested, as well as the 
introduction of the continuous discharge book in 
which a record of the conduct and efficiency of 
seamen is kept. 

Finally, the author remarks that it is highly 
desirable for the Government to abandon the 
ownership and operation of vessels and to place 
the essential services in the hands of private owners 
and managers at the earliest possible moment. 
National aid, however, is considered to be essential 
for the operation of the Government ships after 
they have passed into private hands. The prompt 
passage of President Harding’s Shipping Bill, 
Mr. O’Donnell regards as vital to the success of 
the American shipping industry in the overseas 
trade. This measure, it will be remembered, besides 
offering substantial direct aid in the form of com- 
pensations and subsidies to both cargo ships and 
mail ships, proposes that 50 per cent. of the immi- 
grants to the United States shall be carried in 
American ships. A deduction from the income tax 
of shippers of 5 per cent. of the freight paid on goods 
exported or imported in American vessels is also 
proposed, as well as exemptions of the net earnings 
of American ships in the foreign trade from Federal 
taxation, provided that the amount exempted is 
employed for the purchase or construction of new 
ships. 

Other forms of indirect assistance are provided 
for, and while the importance of all this help must 
not be under-rated, we agree with the author that it 
will not, of itself, suffice to ensure success. American 
shipowners and managers are fully aware that 
future prosperity is dependent upon securing 4 
considerable part of the trade now carried in foreign 
bottoms. They also realise that to do this, even 
with State aid, their ships must be operated with the 
utmost enterprise and economy. Experience, and 
the necessary national characteristics, are also 
essential to the development of overseas shipping 
under modern conditions of world trade, and these, 
we think, will prove to be valuable assets to the 
British shipping industry in meeting the keen com- 
petition to be anticipated in the future. 
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THE MOUNT WILSON OBSERVATORY 


REPORT. 


TuE report of Professor G. E. Hale, the director 
of the Mount Wilson Observatory, Cal., grows longer 
every year, and as investigations progress towards 
completion, necessarily richer and more interesting, 
but only a few gleanings can be made from this 
abundant harvest. The opening paragraphs remind 
us of the accelerated rapidity with which stellar 
distances are measured. It is nearly ninety years 
since Bessel measured the distance of a fixed star, 
and in sixty years, by following the same laborious 
methods, the distances of an equal number of stars 
were included in our catalogues. In this century, 
following the process which Henderson and Bessel 
inaugurated, some 1,400 have been added. In the 
last five years, however, by the new and beautiful 
process of comparing the relative intensities of 
two lines on a stellar spectrum photograph, at 
Mount Wilson alone, the parallaxes of 2,000 stars 
have been estimated. If this work concluded by 
simply registering the distance of so many stars 
from the Sun, it would matter little whether 20 or 
2,000 were measured, but the knowledge acquired 
enables us to penetrate some way into the riddle 
of the stellar cosmos, and grasp the plan of the 
structure and the mode of evolution of the stars. 
In their early, or giant, stage, the stars are shown 
to be immensely inflated gaseous masses, so tenuous 
that their density may be as low as one-thousandth 
of that of the Earth atmosphere. This view, at 
variance it may be with generally-received opinion, 
is amply confirmed by recent observations with 
the interferometer, already described in these 
columns. Antares, for example, is found to have 
a diameter of 400,000,000 miles. As the stars 
condense, their temperature rises and their colour 
changes from red to yellow, and thence to white, 
marking a turning point in their history. Shrinkage 
follows, Arcturus has shrunk to a modest 21,000,000 
miles. Decline is as gradual and as marked as 
growth, the colours returning in inverse order as 
the star approaches final extinction. With decrease 
of volume and increase of density, the stars exhibit 
more rapid motions in space. The reason and the 
bearing of this fact are not yet fathomed, but 
certain it is that stars of small mass move more 
rapidly on the average than those of large mass, 
and further those with large velocities are moving 
toward the centre of the Galactic system. 

The rapid accumulation of stellar parallax deter- 
minations and the measurement of the diameter 
of the stars, the director regards as two outstanding 
events that makes the past year memorable. A 
third is the intimate connection and close co- 
operation of the Observatory with a great physical 
and chemical laboratory, manned, equipped and 
endowed for the investigation of the constitution of 
matter, a problem which Dr. Hale believes can be 
more effectively approached by the astrophysicist, 
than by either the chemist or the physicist. Be 
that as it may, we are quite sure the acceptance of 
the post of the director of the Norman Bridge 
Physical Laboratory, by Professor Millikan, of 
Chicago, will prove epoch-making, and that the 
usefulness of the Laboratory and of the Observatory 
will be mutually extended. Economy of apparatus 
will not be the least of the advantages. The want 
of high voltage had been experienced at the Observa- 
tory, but the possession of a 1,000-kw. transformer, 
giving 1,000,000 volts, will be part of the equipment 
of the Laboratory and available for astronomical 
and physical investigations. 

The necessity for heavy voltage is shown when 
examining the emission and absorption spectra of 
metals, in which temperatures higher than 3,200 
deg. C. are produced and used with effect. Also 
in experiments designed to detect the Stark effect 
in the Sun-spot spectrum. In this latter inquiry 
has been used a powerful solenoid magnet, con- 
structed for use with currents up to 4,000 amperes 
giving a uniform field of 33,000 gausses, into which 
were inserted specially designed quartz vacuum 
tubes. A sufficiently high voltage current was 
available for preliminary trials, but no definite 
conclusion could be drawn. Higher dispersion 
and a steadier electric field are essential to success, 
and in accordance with the tradition of the Observa- 
tory, steps are being taken to secure improved 
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apparatus. Similarly with the attempt to detect 
the shift of the Solar lines, predicted by Einstein 
as @ consequence of this theory. An authoritative 
pronouncement is awaiting the results of pre- 
liminary experiments that will ensure the removal 
of all possible sources of error. The fulfilment of 
this prediction of the shift of the lines in the solar 
spectrum has come to be regarded as a critical 
test for the theory, and many spectrocopists have 
been eager to demonstrate a minute displacement 
in accord with the demands of the theory. Their 
premature decisions, however, are based on the 
application to the original observations of various 
numerical corrections, whose amount is unsupported 
by legitimate and thorough inquiry. Of the contra- 
dictory evidence that has been deduced, the director 
observes, “that owing to the different and even 
inconsistent corrections applied by the various 
observers, their announced agreement of observa- 
tion with the deductions from the Einstein theory 
fails to carry conviction. No final conclusion seems 
to be warranted that is not based on an exhaustive 
study of pressure shifts, variations with tempera- 
ture, pole effect, motion in the solar atmosphere 
and other phenomena.” The inquiry at Mount 
Wilson which is being actively prosecuted will be 
long, but it will be conducted with patience and 
method, and the verdict will be accepted. 

An instance of the accuracy with which spectro- 
scopic measures can be made is furnished by the 
proof this method has afforded that both oxygen 
and aqueous vapour are absent from the atmosphere 
of Venus. Using the high dispersion of three 
Angstroms per millimetre, the lines originating 
in the atmosphere of Venus were distinctly separated 
from the telluric lines of the same origin, when the 
relative velocity of Venus and the Earth was large, 
but there was no trace of the water vapour lines 
at A 5,900 or of the oxygen lines in the a and B 
bands at A 6,300 and A 6,390, though the lines 
produced by the Earth’s atmosphere were clearly 
visible. Imagination had readily jumped at the 
facile conclusion that, owing to a certain similarity 
in the size and position of the planet, the meteoro- 
logical conditions obtaining would resemble those on 
the Earth. Recalling, however, the slight indica- 
tions of oxygen in sunspots and the abundance of 
unoxidised material on the Earth, it is more plausible 
to suggest, that oxygen is a rather rare element in 
the solar system, and it is pointed out that a planet 
formed from the outer layers of the Sun, a not 
improbable origin, would contain little oxygen. 
It is suggested that in the case of the Earth’s 
atmosphere, the oxygen may be an organic product 
given off by vegetation during geologic time and 
balanced by an accumulation of carbonaceous 
organic residues in the sedimentary rocks. 

The 100-in. telescope has been much employed in 
investigating the galactic nebule and with the 
globular nebulze which are very numerous. These 
latter objects resemble spiral nebule in spectrum 
and radial velocity, but even the largest afford 
no evidence of spiral structure. On the other hand, 
many of the smaller are expected to prove spirals 
when greater magnification can be employed, and 
some, spindles when longer exposures bring out the 
anse. Just as the division in the Aquila region 
of the Milky Way is probably due to great clouds 
of dark nebulosity, so it is suggested that many 
nebulz obscure in part the stars beyond, or within, 
them. The forms of the nebulz indicate the action 
of repulsive forces emanating from associated stars, 
at least, the forms can be more readily interpreted 
by a process of repulsion than one of attraction. 
Hind’s variable nebula in Taurus and some others 
have been under examination, but the most interest- 
ing case is that of a nebula in Corona Australis, 
which showed marked changes while the involved 
star, R. Coron, was brightening rapidly. In two 
nights, a bright envelope which expanded from 
4 seconds to 12 seconds in diameter, developed 
about the star. On the assumption that this 
phenomenon was due to a wave of illumination 
travelling outwards with the velocity of light, the 
distance of the object would be 290 light years, 
a distance that agrees with that deduced by other 
methods. On the scale on which the stellar universe 
is built, such a nebula is quite a near neighbour of 
our Sun. For the blue stars of the fourteenth 





magnitude a distance is assigned varying from 





20,000 to 50,000 light years, but these are minimum 
values and are dwarfed by a remote cluster, whose 
light requires 220,000 years to cross the space that 
intervenes between it and our Sun. 

The measures of internal motions in spiral nebule 
have been continued, and confirm previous results. 
The observed displacements in all cases correspond 
better with a motion along the arms of the spirals 
than with a rotation. Accepting the evidence, 
which gains in strength with the lapse of time, the 
result affords substantial support for the theory of 
Dr. Jeans, since the observed phenomena indicate 
that matter is thrown off from two points of a 
nebula after it has been reduced by rotation to a 
lenticular form. 

Mention of many investigations of a technical 
character must be omitted, and others in progress 
will best be referred to later. Among these latter 
is included one which has for its object the repetition 
of the Michelson-Morley experiment, to decide 
whether increase of altitude above sea-level has any 
appreciable effect on the perception of possible 
relative motion of the Earth and the ether. Another 
refers to the determination of the velocity of light 
by. observations between Mount Wilson and a 
station at Whittier. In preliminary trials, the 
beam was observed, but it was clear that the illu- 
mination was insufficient and that the adjustment 
of the distant mirror was inadequate. Professor 
Michelson has suggested some improvements in the 
optical apparatus, and another trial will be made 
under more favourable atmospheric conditions 
between Mount Wilson and a station 22 miles 
distant. 

The instruments under construction contain few 
novelties. Among the more interesting is the 
machine for ruling gratings, mentioned in previous 
reports, The gratings ruled last year showed false 
spectra due to the spacing mechanism. The cause 
of the error being discovered, the accidental errors 
appear to be completely removed in the newly- 
designed arrangements. There remains now but a 
small and periodic error due to slight residual 
eccentricities in the spacing wheel and the screw 
pivots. This error amounting to 55;/g55 in., can be 
removed either by a correcting mechanism or by 
direct working on the eccentricities. The latter 
course will be adopted. 





NOTES. 
Eventna CLASSES. 

From the presidential address of Mr. J. Paley 
Yorke to the Association of Teachers on Technica] 
Institutions it appears that local authorities are 
often prone to gauge the importance of a class by 
the number of students attending it. It would, 
perhaps, be going too far to claim that a class is 
more “socially advantageous” the fewer its 
numbers, but such a contention would be nearer the 
truth than the more popular view. Unfortunately, 
but a relatively small proportion of our population 
has either a liking for science or the intellectual 
capacity to appreciate its methods. Evening classes 
commonly commence each new academical year 
with full numbers, but the majority lacking the 
ability to master even elementary principles soon 
faint by the wayside, and those that finally take up 
the more advanced work constitute generally but a 
very small fraction of the original horde. This 
small residuum is, however, that which will best 
repay teaching, and if economies have to be effected 
these had better be realised by reducing the size of 
the elementary classes rather than by abandoning 
the more advanced training of the few who are 
capable of profiting by it. No doubt the whole of 
our population would gain by some training in the 
methods of science, although past experience shows 
that even scientific men of some standing often fail 
to think scientifically on all matters not directly 
connected with their researches. Mr. Yorke notes 
that in most cases a technical teacher is required to 
give his whole time to the duties of his post. Such 
a restriction should, however, be the exception rather 
than the rule, at any rate in the case of the higher 
and more responsible positions. It is most impor- 
tant that direct touch with industry should be 
maintained, both in the interests of the pupils and 
in that of our manufactures. Unfortunately, many 
of these higher posts are at present filled by men with 








ee 
but limited practical experience, and the regulation 
in question prevents them acquiring more. They 
are thus, to the detriment of their efficiency as 
teachers, often driven to devote most of their 


energies to studies of which the interest is mainly 
academic. 


UNDERGROUND IMPROVEMENTS. 


In a memorandum issued last week to the London 
Members of Parliament Lord Ashfield describes 
the important programme of extensions and 
improvements of the Underground Railways, which 
are to be carried out under the Trade Facilities Act. 
The works include the Edgware extension railway 
already authorised. This is a line 4} miles long, 
from Golder’s Green to Hendon and Edgware. 
It will serve an area as yet but partially developed, 
and there will be five new stations. Another 
important work to be proceeded with is the con- 
struction of the authorised connecting lines between 
Camden Town and Euston, which will make it 
possible to work trains from Hampstead line to 
Clapham Common via the Bank, once the enlarge- 
ment of the tunnels of the South London Railway 
is completed. This latter work is also comprised 
in the programme. The minor works to be under- 
taken include extensions to Lots-road Generating 
station and the provision of escalators at a number 
of underground stations now served by lifts. The 
above undertakings have been rendered practicable 
by the fall in the cost of labour and the cost of 
money. As regards the latter, the Treasury, under 
the Trade Facilities Act, will guarantee the principal 
and interest on the capital involved to a total not 
exceeding 6,000,000/. The stock will be issued at 
rates not exceeding 5 per cent. The interest 
charges will be secured not only on the net earnings 
of the respective companies, but also by the common 
fund of the whole five companies of the group. 
Contracts have already been placed for a large 
part of the work, and the whole of the plant re- 
quired with the exception of certain parts of the 
escalators will be manufactured in this country. 
Employment will thus be found for about 20,000 


men. 


DECLARATIONS OF LIABILITY FOR WORKMEN’S 
COMPENSATION. 


The Court of Appeal gave judgment on June 1 
in five cases, Foster and others v. Wharncliffe 
Woodmore Colliery Company, Limited, on the 
right of an injured workman to what is called a 
declaration of liability. The workmen’s applica- 
tions for a declaration were based on the leading case 
of King v. The Port of London Authority in the 
House of Lords in 1919, in which it was decided that 
where an applicant had met with personal injury 
which had not produced incapacity at the date of 
the arbitration but was of such a nature that it was 
probable that partial or total incapacity would ensue 
as a result, the arbitrator might make a declaration 
of these facts and adjourn the arbitration so that 
in the event of the workman becoming incapacitated 
at a later stage he could then make an application 
to the arbitrator for compensation. In the five 
cases in question the applicants had been paid 
compensation for a time, and had subsequently 
returned to work at wages which were at least as 
high as they received before the accident. The 
accidents happened some years ago—two of them 
as far back as 1912—but for some reason the men 
only recently made an application to an arbitrator 
(the County Court Judge at Barnsley) for a declara- 
tion of liability. The arbitrator made a declaration 
of liability on the ground that the men had become 
“ odd lots ” in the labour market, but the Master of 
the Rolls (Lord Justice Scritton and Lord Justice 
Younger concurring) held that that was not the 
proper ground for such a declaration. He mentioned 
that Lord Moulton, who invented the expression, 
did not say that the man was an “odd lot,” he 
referred to the workman’s labour becoming an 
* odd lot” in the market; but in the present case 
there was no evidence of such a state of affairs as 
regards the applicants’ labour. The proper grounds 
for a declaration of liability were those laid down by 
the Lord Chancellor in King’s case, viz.: (1) That 
the applicant had received injury by accident 
arising out of, and in the course of, his employment, 
(2) that there was no incapacity at the moment, 
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but (3) that it was reasonably probable that in- 
capacity would arise at a later date. In two of the 
five cases the court held that no such probability 
had been proved and that the men were not entitled 
to a declaration ; but in the other three there was 
such a probability, and the declarations were allowed 
to stand. 





THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 
(Concluded from page 692.) 

CoNTINUING our account of the summer meeting 
of the Institution of Electrical Engineers, at the 
Scottish Centre, we may now turn to the details 
of the proceedings of Wednesday, the 3lst ult., 
which the exigencies of distance and time did not 
allow us to deal with fully last week. The pro- 
ceedings on that day opened with a paper by Pro- 
fessor Magnus Maclean, at the University of Glasgow. 
The Institution was welcomed to the University by 
the principal, Sir Donald MacAlister, who, in the 
course of his speech, referred to the fact that the 
meeting was being held in the History Class Room, 
in which Lord Kelvin had lectured for so many 
years and had “laid the foundations of electrical 








early station and includes double deck boiler houses, 
brick chimneys and other expensive items, and com- 
parison may perhaps more profitably be made with 
@ modern station such as Dalmarnock, with which 
we dealt last week. 

The total cost of this station before the war 
estimated at 10/. a kilowatt of plant installed, but 
owing to the construction falling entirely in the war 
and post war periods the cost has actually come out 
at 201. per kilowatt. Incidentally it may be noted 
that both in the description of Dalmarnock supplied 
in connection with the summer meeting and in the 
paper which Mr. Mitchell read before the Institution 
of Engineers and Shipbuilders in Scotland, in 
March of last year, it was stated that the cost of the 
second half of the station would be “‘ much more ” 
than 201. a kilowatt. We do not know on what 
this estimate is based, but it is interesting and 
pertinent to note that in a paper read before the 
Institute of Transport on the 8th of last month, 
Mr. Roger T. Smith stated that the effect of the 
adoption of higher running speeds and other improve- 
ments was that “to-day the cost per kilowatt of 
plant capacity is the same, and in favourable cases 
even lower than it was before the war.” Mr. 
Smith’s paper included a table compiled by Mr. J. S. 
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engineering.” This expression was perhaps some- 
thing of an hyperbole, but in view of the circum- 
stances Sir Donald may be forgiven. 

Professor Maclean’s paper was entitled “ The 
Hydro-Electric Resources of the Scottish High- 
lands.” In it he gave a sketch of the existing 
installations at Foyers and Kinlochleven of the 
British Aluminium Company, and described in 
outline the projected schemes at Lochaber and the 
Grampians. As is generally known, the Lochaber 
scheme is also associated with the name of the British 
Aluminium Company. The catchment area of this 
scheme amounts to 303 sq. miles and a water supply 
equivalent to 100,000 h.p. is anticipated in all but 
the drier years. As an inspection of some of the 
features of the county coming within the Lochaber 
scheme formed part of the programme for the 
following day, we will deal more fully with the 
details of the project when dealing with that part 
of the visit. 

In the Grampian water-power scheme the catch- 
ment area is 417 sq. miles, and Professor Maclean 
stated that the four proposed power houses would 
have a total continuous horse-power of 56,000. 
The four stations would be Tummel, of 17,400 h.p. ; 
Garry River, 7,500 h.p.; Bruar River, 4,200 h.p. ; 
and Loch Rannock, 26,900 h.p. The first part of 
the scheme beginning with the Tummel station 
would cost 2,603,000/., and the whole scheme 
4,500,000. Professor Maclean did not analyse these 
figures, but it will be seen that they work out at an 
overall cost of about 40/. a kilowatt. It may be of 
interest briefly to compare this figure with steam 
practice. The cost of Lots-road station of the 
Underground Railway worked out, we believe, at 
211. a kilowatt. From the point of view of modern 
central station practice Lots-road is, of course, an 


Highfield and representing average, and not best, 
practice, which gave the capital cost to-day of a 
50,000 kw. station at 19-6/. per kilowatt, and of a 
100,000-kw. station at 18/. a kilowatt. 

Dealing only in rough average figures. we may 
accordingly take the present cost of a large steam 
station at about 20]. a kilowatt. With this a water- 
power station at 401. a kilowatt was to be compared. 
Confining ourselves still to broad averages it may 
be said that of the total cost per unit in steam 
practice about half is represented by coal costs. 
As these costs are entirely eliminated in hydro- 
electric practice, the two cases at once fall to round 
about a level. In a closer consideration the water- 
power station would probably come out somewhat 
better, as maintenance costs should be decidedly 
less and all expenses in connection with condensing 
water are eliminated. On the whole, at about £40 
a kilowatt a Scottish water-power scheme should be 
a favourable proposition. It is clearly necessary for 
success, however, that the current generated should 
be sold, and the load factor question is of more 
importance in hydro-electric work than even in 
steam work. With only a moderate load factor 
on a steam station a considerable proportion of 
50 per cent. of the total cost per unit will be saved 
by the saving in coal as compared with the coal 
consumption with a better load factor. In the 
case of a water-power station, however, the load 
factor can make but little difference to the total 
cost, and if a 15 per cent. load factor only is obtained 
the units generated will still have to carry the 
whole of the charges due to the initial £40 per 
kilowatt installation charge. 

In these considerations we have wandered some- 
what away from Professor Magnus Maclean’s paper. 





We need not further refer to the descriptive matter 
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which it contained, but should make some reference 
to the general considerations bearing on the utilisa- 
tion of water power which formed one of its impor- 
tant features. It was quite evident that Professor 
Maclean had much enthusiasm for his subject and 
for the way in which its application might improve 
the economic condition of the workpeople of the 
Highlands. For several generations the Highlands 


had been pouring their best manhood and woman- 
hood into the cities and towns, the glens had been 
becoming more and more desolate, and much of the 
The extent 


land had been going out of cultivation. 
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also spoke and put in a plea for some attention to 
elegance in the villages which would presumably 
be built in connection with the development of 
water powers. In the afternoon following this 
meeting a visit was made to Messrs. Babcock an: 
Wilcox’s boiler works at Renfrew. The trip fom 
Glasgow to Renfrew was made by steamer at 
Messrs. Babcock’s invitation, and after the inspection 
the evening was spent in a trip in the Clyde estuary. 
The party was fortunate in having very favourable 
weather and the day proved most enjoyable. There 
was rio formal ceremony in connection with this 
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of the Highlands was 40 per cent. of that of Scotland, 
but only 7 per cent. of the population was contained 
in their area. Hydro-electric power, by introducing 
local industries and giving the equivalent of a local 
coal supply, should do much to arrest these ten- 
dencies. There is certainly much truth in this case 
which Professor Maclean presented, but in following 
it up by calling coal mining “‘ barbarous and un- 
natural” and suggesting that the industry and 
economie standing of these islands could ultimately 
rest on oil and water-power, we fear he allowed 
his enthusiasm to run away with his judgment. 
After the reading of the paper a vote of thanks was 
moved by Mr. Roger T. Smith and seconded by 
Mr. C. H. Wordingham. Professor Andrew Gray 





Stre or Spry Dam, Looxrne Sournu. 


visit, but on the return journey to Gourock the 
president expressed the thanks of the Institution 
and Sir James Kemnal replied. We cannot here 
attempt any description of the Babcock and Wilcox 
works, but it is permissible briefly to say that the 
feature of the works which most struck us was the 
very large machine tool equipment for a boiler 
works and the number of machines obviously 
specially built for the work on which they were 
engaged. 

The programme of Thursday, the Ist  inst., 
covered the train journey from Glasgow to Fort 
William, and the inspection en route of the source 
of supply of the Lochaber. water-power scheme. 
The journey from Glasgow was made by the West 
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Highland Railway through Dumbarton and Helens- 
burgh, and up the side of the Gare Loch and Loch 
Long and across Rannock Moor. Again very 
favourable weather was experienced, and as the 
line passes through some of the most beautiful and 
rugged scenery in Scotland, a very enjoyable day 
was spent. The latter part of the run is indicated 
in Fig. 1, on page 724, which is a map of the country 
covered by the Lochaber scheme. As we have 
already mentioned, this area covers 303 square miles. 
The rainfall in the area covered is 73 inches per 
year, so that 876,000,000 gallons of water a day 
are available, equivalent to some 100,000 h.p. The 
British Aluminium Company, which, as we have 
said, are associated with the scheme, expect to 
utilise most of the power themselves and to employ 
some 3,000 additional workpeople. It need not be 
said that an industry of such magnitude would be 
of great importance to the Scottish Highlands. 

The general lines of the scheme may be followed 
from Fig. 1, on page 724, and the following notes :— 
At the eastern end of the area a dam with a weir 
is to be formed on the River Spey at the point 
at which the Markie Brook joins it. This dam, 
shown at 10 in Fig. 1, will raise the level of the Spey 
by about 30 ft. at flood time and will form a reservoir 
connecting up with Loch Crunachdan. Normal 
water supply is to be allowed to flow eastward down 
the Spey, but the effect of the weir will be to divert 
all floodwater into Loch Laggan. There was some 
opposition to the scheme in connection with inter- 
ference with the Spey on the score that it would 
act unfavourably on salmon breeding in the river. 
It is anticipated, however, that the more regular 
flow which the weir will ensure will be favourable 
rather than otherwise. An excellent idea of the 
River Spey as it at present exists is given in Fig. 2 
annexed, from which it will be clear that the 
site is a very suitable one for impounding surplus 
water. The site of the dam is shown in Fig. 3. 
As will be seen from the map, a conduit is to be con- 
structed to carry the surplus water from the weir 
to Loch Laggan, while a branch conduit with an 
intake will collect flood water from the River 
Mashie. There is « fall of about 20 ft. from the 
Spey dam to the point on the River Pattach at 
which the conduit delivers. 

Loch Laggan is at present about seven miles long 
and a dam, shown at 1 in the map, is to be built 
about three miles downstream on the River Spean 
which drains the loch. This will result in the flood- 
ing of this three miles of river and the formation 
of a reservoir joining up with Loch Laggan. The 
surface of this loch will not be raised above its 
normal winter level, but the whole of the extra 
storage water impounded by the dam will, of 
course, become available. A view of the River 
Spean taken from the railway bridge is given in 
Fig. 4, on page 726. The part of the river actually 
shown in this figure is somewhat below the site of 
the proposed dam, as will be clear from Fig. 1. 
From the Laggan Dam, a tunnel about four miles 
long is to be driven to connect up with Loch Treig. 
This tunnel, which is indicated at 4 on the map, 
will have a total fall of 41 ft. in ite length. The 
water from various small streams will be collected 
on the way by means of vertical shafts, 

Loch Treig, to which this tunnel will deliver, will 
act as the main collecting reservoir of the whole 
scheme, and will connect up by a pressure tunnel 
directly with. the turbines at. Fort William. The 
present level of the loch is 783 ft. above Ordnance 
Datum and is 37 ft. below the level of Loch Laggan. 
It is a deep loch some five mileslong. It is proposed 
to dam the north end'and raise its level some 36 ft., 
to 819 ft. above Ordnance Datum and 1 ft. below 
the maximum level of Loch Laggan. The site of 
the proposed dam is indicated at 2 on the map. 
The raising of the level of Loch Treig will involve 
reconstruction of some part of the West Highland 
Railway which, as can be seen from Fig. 1, follows 
its eastern bank. The loch, with the railway, are 
shown in Fig. 5, which is a view taken from near 
the north end of the loch and looking southward. 
The loch is a very beautiful one, as will be clear 
from the figure, and the slow railway run which was 
made down the side of the loch last week proved 
one of the most attractive parts of the journey. 

As we have already indicated, Loch Treig is to 
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connect up with the power house at Fort William 
by means of a pressure tunnel. This tunnel, indi- 
cated at 5 in Fig. 1, will have a length of 15 miles 
and a diameter of about 16 ft. At its western end a 
surge chamber will be formed, and the tunnel will 
connect to a pipe line leading to the power house. 
There will be nine pipes each 4 ft. 6 in. diam. In 
the length of the tunnel various small ‘streams 
will be tapped and connected to the main supply 
by vertical shafts. These streams are indicated 
at 5a, 5b, &c., in Fig. 1. This 15-mile long Loch 
Treig and Fort William tunnel will form one of the 








During the visit of last week an excellent idea of 
the country concerned in this important hydro- 
electric scheme was obtained. Loch Treig was seen 
during the train journey, and a stop was made at 
Tulloch Station to inspect the country in the 
neighbourhood of the Laggan Dam. The view given 
in Fig. 4 was taken from the neighbourhood of this 
station. The evening of Thursday of last week was 
spent at Fort William, and on Friday the journey to 
Oban was made by steamer. On the way_a\visit 
was paid to Kinlochleven by invitation of the 
British Aluminium Company which provided lunch 
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chief engineering features of the Lochaber scheme. 
The tunnel will tap Loch Tre‘g 139 ft. below the 
raised top level of the loch, The invert level at 
the inlet end will be 680 ft. above Ordnance Datum 
and at the outlet end 640 ft. above Datum, so that 
there will be a fall of 40 ft. in the 15 miles length. 
The top level of Loch Treig, as already stated, is 
819 ft. above Ordnance Datum and the lowest level 
to which it can be run is 695 ft. above Datum, so 
that there is a possible difference of level of 124 ft. 
on which the tunnel can draw. It is intended to 
fix the turbines at Fort William at about 15 ft. 
above Ordnance Datum, and as the invert level at 
the outlet end of the tunnel is 640 ft. above Datum, 
there will be a fall of 625 ft. in the pipe line. 





for the party. The Kinlochleven works have been 
described many times in the past, and there is no 
need for us to deal with them in any detail now. 
The station has a load of 20,000 kw. and generates 
at 275 volts D.C., the aluminium furnaces being 
connected in banks in series. The operation is a 
continuous one and provides an ideal load for a 
hydro-electric plant. It was matter for considerable 
satisfaction in these days ot slack trade to find the 
plant working to its full capacity. 

Kinlochleven lies at the head of Loch Leven and 
quite out of the way of ordinary traffic. Main 
communication with it is by steamer, but during 
the war a road along the cliff side from Ballachulish, 
where there is a railway connection, was begun by 





German prisoners of war. This road has since 
been completed and has put Kinlochleven more 
easily in touch with the outer world. After the 
lunch at the aluminium works the thanks of the 
Institution were conveyed to the British Aluminium 
Company by the President and the journey was 
resumed to Oban, where the visit terminated. The 
arrangements ran without hitch throughout and 
reflect great credit on the committee of the Scottish 
Centre, and on Mr. E. T. Goslin, its chairman, as 
well as on Mr. P. F. Rowell, the secretary of the 
Institution. 
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METALLOGRAPBY had its origin as a practical science 
and aid to industrial processes in the work of the 
late M. F. Osmond, who laid the foundations truly 
and well. We welcome cordially the appearance 
of this volume, in which the usefulness and scope of 
Osmond’s epoch-making work is extended and 
enriched by the assiduous labour of his eminent 
countrymen. More than a century ago, Widman- 
steetten applied methods of polishing and etching 
to the surfaces of metals and alloys, which could 
give useful information if correctly interpreted, 
but no progress was made till Osmond showed what 
could be learnt by abrading the surface of steel 
with a sewing needle, and examining the scratch 
microscopically. An immense impetus was given 
to the employment of his processes by the successive 
improvements introduced into steel manufacture 
from the end of the last century onward. Tungsten- 
steel, tungsten-chrome steel, vanadium steel, 
followed each other rapidly, supplying the engineer 
with increasingly powerful weapons, better fitted 
not only for cutting, but for structural steels. 
Manufacturers wanted to know the secret of the 
cutting efficiency of the harder steel, and to under- 
stand the reason for the thermal stability of the 
products that worked so marvellously. Chemists 
talked rather vaguely about allotropic changes on 
the one hand, and the possibility of vanadium 
wresting the carbon from the carbide of iron on 
the other, hypotheses which are perhaps still 
maintained by ardent supporters on insufficient 
evidence. But the thermo-mechanical behaviour 
of high-speed steels, as of many other alloys, needed 
a new analysis to unravel all the changes in the 
combinations, and the methods of Osmond supplied 
the mechanism which has been developed and 
extended by a succession of eager investigators. 

The success that has attended these inquiries is 
exhibited in this volume, in which two original 
investigators, holding important positions in the 
French metallurgical industry, demonstrate what 
the inquiry has achieved and of what it is capable. 
The authors divide the subject into two branches, 
metallography and macrography, but the difference 
between them is one of degree rather than funda- 
mental. In the former, the investigation is confined 
to the examination of highly-polished and etched 
surfaces of very limited dimensions under high 
magnifying powers, while the complete inquiry 
further demands the use of pyrometers of delicate 
construction, recording chronographs, indeed all the 
appliances of a specially equipped laboratory. 
But the conclusions drawn, whether microscopical, 
or chemical, or mechanical, refer strictly only to 
the small samples under investigation, and the 
assumption that the conclusions are applicable 
throughout the whole mass of material is only 
warranted, when the casting or forging is of uniform 
structural and chemical composition. A systematic 
inspection of the interior is needed, and this is best 
effected by cutting sections in various directions 
through the metal, and examining the surfaces by 
the naked eye or low magnifying power after they 
have been polished and suitably etched. This pre- 
liminary survey is the work of macrography, it is 
eminently practical, and is limited to the study of 
the “ coarse” structure of the metal or alloy. The 
information afforded is of real assistance to those 
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either in manufacturing or using metals, 
while the neglect of such a precaution may cause 
quite erroneous conclusions to be drawn from the 
more elaborate method. 

The authors have kept in view as their main 
object the benefit of industry, but as the science 
is based on physico-chemical laws, they have 
demonstrated its theoretical foundation. In the 
earlier chapters therefore are described not only 
the method of investigation and the apparatus 
necessary for thermal analysis, but the theory of 
metallography is sketched generally. The “ phase 
rule ” of Willard Gibbs, the “ equilibrium di 
and eutectic temperatures are not subjects that can 
easily be made interesting, but by the manner of 
treatment, the authors discuss the relations between 
the equilibrium diagram of alloys and the properties 
of these in a way that will prove attractive to many. 
This interest is sustained and increased by the 
eminently practical view that is maintained through- 
out, the authors contriving to satisfy the needs of 
those who require some insight into the theory on 
which the science is built, while providing the precise 
information demanded by those who are engaged 
on the commerical side of the industry. This regard 
to works practice is particularly shown in the 
chapters describing the constituents and structure 
of carbon and alloy steels. The gradual changes 
from austenite through martensite to pearlite, in 
which chain the debateable osmondite appears, 
are very clearly traced, great assistance being given 
by the excellent micro-photographs illustrating the 
changes produced by quenchings progressively less 
severe, or by annealing quenched steels at an in- 
creasing temperature. 

As evidence of the practical value of the method 
to the manufacture or user of steel, it is pointed out 
that the simpler examination of the microstructure 
is generally sufficient to identify an element present 
in special steels, or to limit the number of possible 
elements present. For instance, the recognition 
of graphite will indicate silica: carbides, the 
presence of chromium, tungsten, molybdenum or 
vanadium, while austenite is connected with nickel 
or manganese. In the case of nickel steel, a 
diagram is given to illustrate the variation in the 
properties with increasing nickel content, as derived 
by mechanical tests. More of such diagrams 
would have been instructive and would have brought 
out more clearly the practical value of mechanical 
tests. The comparison of the methods and apparatus 
used abroad with those approved in this country, 
so far as it is possible, is however not uninstructive. 
The instrumental equipment as employed in tensile, 
compression, and other tests, is naturally of French 
construction, and some of the apparatus exhibits 
considerable ingenuity, but no evident superiority 
over other appliances is displayed. The hardness 
test may be taken as a single example. The in- 
dentation method of the Brinell arrangement is 
given and the form of scleroscope by Shore is 
figured and described, in which the amount of 
rebound of a weight from a known height is made 
the measure of hardness of the object struck, but 
this method is of questionable validity. The nice 
adjustments of the forms due to Steeg and Reuter, 
or to Fuess, are not mentioned. Something more 
might have been said of the sources of error or of 
possible misinterpretation of the results. In this 
very practical section the tests of resistance to wear 
seem to claim attention. 

The impurities ordinarily encountered in in- 
dustrial metals are dealt with very thoroughly, but 
less work has been done in connection with the 
microscopic structure and the mechanical properties 
of these alloys than in the case of iron and steel. 
The investigations, however, are not less interesting 
or the conclusions less definite. In addition to 
ordinary brass, a section is devoted to the descrip- 
tion and figuring of special brasses, that is a brass 
in which a third element is added to a copper-zinc 
alloy. 

Similarly, special bronzes in which phosphorus 
or aluminium are mixed with copper and tin 
are passed in review. An example of a ternary 
system in which lead, tin, and bismuth are com- 
bined is also discussed in connection with the 
structure of compounds suitable for use as bearing 
metals, the peculiar properties which the contact 
surfaces should possess being considered fully. 





Reference to the methods and results of macro- 
graphy must be brief. As already intimated the 
object of the inquiry is to determine the general 
character of the structure of the material, and to 
ascertain whether the ingot or specimen is of uniform 
chemical composition. The polishing and etching of 
the sample to be examined require care, but since 
only low magnifying powers are used, great delicacy 
of manipulation is not needed. If unequal etching 
be perceptible, it may be regarded as evidence of 
heterogeneity, either crystalline, mechanical or 
chemical. With worked steels, rolled or forged, 


»’| the grains are generally too small to be seen with 


the low powers recommended, but with ferrous 
alloys this condition may be perceived in cast 
metal or burnt steels. If mechanical heterogeneity 
is present, the effects of irregular and local hardening 
will be revealed by such parts of the alloy being 
more readily attacked. Want of chemical homo- 
geneity will be betrayed by the rapidity of the 
attack on the impure portions, such as sulphides, 
oxides, silicates, &c., either because the reagent 
attacks these more readily then the remainder, 
or because they become the centres of electrolytic 
action, tending to the corrosion of the surrounding 
metal. This heterogeneity, when detected, may 
arise from cementation, or to the method of manu- 
facture, as in welding, but the phenomena of 
liquation and segregation accompanying solidifica- 
tion are always present, more or less, giving rise to 
effects that are modified by the temperature and 
rate of casting, the nature of the metal, the 
viscosity of the liquid, the form of the ingot 
mould, the amount of agitation due to the escape 
of gas and other causes, on which macrography 
can throw little or no light, but which do 
not always receive the attention they deserve. 
The point made is that by examining the surfaces 
of the sections it is possible to obtain a series of 
isochemical curves outlining the impure portions 
of the material. In place of etching, good results 
can be obtained when sulphur or phosphorus segre- 
gations are present, by bringing bromide paper or 
silk saturated with acid bichloride of mercury into 
contact with the prepared surface. Sulphides and 
phosphates decompose with evolution of HS and 
PH,, which discolour the paper or silk locally, and 
thus furnish an exact image of the localities rich in 
phosphorus or sulphur. 

Though metallography has been longer and more 
ardently studied than the rougher method, it is 
evident that a careful study of macrostructure of a 
metal or an alloy should precede the rigorous 
investigation of its microstructure. In the testing 
of steels this practice is usually followed, but less 
exact knowledge is available of the structure and 
behaviour of alloys of copper, tin, aluminium, &c. 
The authors descriptions and illustrations therefore 
of castings of brass and aluminium bronze are the 
more welcome, as they are the more instructive, 
since they have the advantage of presenting larger 
crystals for examination and it is understood, these 
have not been previously published. They show 
well the arrangement and outline of the grains as 
influenced by the nature of the casting. In a 
series of cupro-nickel-aluminium alloys, the den- 
dritic structure and outlines are clearly to be 
perceived in the diagrams photographed with quite 
small magnifying power. Indeed, one may say in 
conclusion that throughout the book, the lavishness 
and beauty of these reproductions constitute a 
great feature. They convey an immense amount 
of information and repay the closest study. 





Petroleum : A Treatise on the Geographical and Geological 
occurrence of Petroleum and Natural Gas ; the Physical 
and Chemical Properties, Production and Refining of 
Petroleum and Ozokerite; the Characters and Uses, 
Testing, Zvaneport and Storage o Petroleum Products ; 
and the L ng thereto ; together 
with a description of the Shale-Oil and allied industries. 
By Sm Boverron Repwoop, Bart., D.Sc. Fourth 
Edition. In three volumes. London: Charles Griffin 
and Co., Limited. [Price 5l. 5s. net.] 

Tue history of the evolution of a great industry, 

told by a master who watched over and so often 

guided its development, must possess a deep in- 
terest. In this case the interest is increased by 
the knowledge that the author’s researches are 
ended and that his wide information and matured 
experience, so willingly placed at the service of all, 
are no longer able to stimulate or to influence. His 








treatise on petroleum, now in the fourth edition, 
has become an acknowledged classic which many 
experts in all parts of the world have consulted 
with confidence and satisfaction. These now repay 
in some measure their teacher by supplementing 
and revising the sections that were left incomplete 
by the sudden death of Sir Boverton Redwood. 
But for its length, we would willingly have repro- 
duced the list ; it must, however, suffice to say that 
those most prominent in the petroleum world have 
been proud and willing to offer their contributions 
towards completing the work on which Sir Boverton 
laboured so long and so successfully. One excep- 
tion must be made to this unwilling suppression 
of the names of the eminent coadjutors, that of 
Sir Frederic W. Black, who has supplied a bio- 
graphy and an appreciative foreword, in which he 
has endeavoured to voice the sense of admiration 
and esteem all must entertain for a revered and 
enthusiastic leader. 

Just as it is impossible to do justice to the work 
of the many co-operators who have revised or 
amended the previous edition, so it is impossible 
to indicate adequately the scope and variety of the 
contents of the enlarged treatise. The contents of 
the three volumes are divided into eleven sections, 
or one might say, separate monographs, so thorough 
and complete are they in arrangement and detail, 
besides appendices, giving full statistical data re- 
lating to the production of crude oil, natural gas, 
ozokerite and shale oil in the producing countries 
of the world; precise information of the import 
duties levied on petroleum and its products in 
foreign countries and a bibliography extending over 
160 pages, that would have been even more compre- 
hensive but for the present high cost of type-setting. 
Among these valuable compilations, necessary for 
furnishing a complete picture of the activities of the 
petroleum industry should be mentioned the ela- 
borate and accurate maps that have been specially 
drawn for this work. 

Consider what is involved in tracing the develop- 
ment of the petroleum industry, even if we limit 
the history to the time when Drake successfully 
tapped the oil sands at Titusville, or the first 
flowing well struck in 1861, a date well within the 
memory of many now living. In that one lifetime 
the world has seen a display of energy and ingenuity 
that it is difficult to appreciate, even under the 
competent guidance of one, who has visited every 
great oil field in the globe and has described the 
enterprise exhibited in exploiting, and the success 
that has attended the efforts to tap new sources 
of energy and power. From the United States 
alone the total production of petroleum utilised 
must now far exceed 5,000 million barrels of 42 
gallons each, figures, however, that we are as in- 
capable of realising, as we are those with which 
astronomers delight to dazzle our imagination. 

There is, however, another and an earlier ques- 
tion to which an answer is expected. How did 
these immense stores of petroleum, natural gas, 
and other associated products collect within com- 
paratively small areas ? ‘ Were they deposited in 
the positions in which they are found, or have they 
filtered through the superficial strata undergoing 
chemical reaction and changing their composition 
as these strata have modified their form and shifted 
their position throughout the geologic ages? Have 
they an organic or inorganic origin? Such ques- 
tions have formed the subject of interminable 
controversy and remain unsettled; the chemist, 
the geologist and the petroleum expert all finding 
evidence wherewith to confute his opponent. This 
evidence, differing in relevancy, is drawn from all 
parts of the earth, the differences of geological 
structure introducing many doubtful factors, and 
from petrols whose chemical and physical pro- 
perties differ materially. Nevertheless, the salient 
points urged with so much force by specialists, are 
all weighed with care, presented with impartiality, 
and allowed their due weight in the solution of the 
problem. Still a confident conclusion eludes us. 

Having located a source of supply, the mechanical 
task of drilling has to be undertaken, and remember- 
ing that each producing area has its own methods, 
Americans approving the cable system, the Cana- 
dians the pole, giving greater rigidity, and the 
Russian a free fall with square iron rods, it will be 
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gathered that the mass of descriptive material to be 
examined and commented upon is well-nigh be- 
wildering. |The tools for drilling, and devices for 
preventing waste, vary with the district and local 
conditions. But these many types receive critical 
examination and illustration. Further, the winning 
of the crude petroleum marks only the beginning 
of many technical processes. Without the possi- 
bilities of fractional distillation, giving rise in 
succession to petroleum spirit, burning oils, gas 
oils, lubricants, and where possible, to paraffin, 
the industry would not have attained the dimensions 
it has acquired, and its extension is being promoted 
by the introduction of new, and the improvement 
of old, methods. Hence sections must be devoted 
to the work of “‘ cracking ” and refining, to the task 
of purification and desulphurisation, and modes of 
chemical treatment necessary to bring the various 
products into a marketable condition. 

But the markets are far from the oil fields, and 
the problem of transport, storage and distribution 
demands careful consideration. This section is 
particularly interesting as it exhibits the influence 
exerted by petroleum in other industries, and the 
stimulus it has given to the world’s commerce. 
The construction of pipe lines and pumping 
apparatus has attained enormous dimensions, and 
the provision of tank steamers and railway tank 
cars is on a similar Gargantuan scale. To allow 
the penetration of petroleum products into all the 
nooks and corners of the globe has required many 
aids to distribution, and the manufacture of these 
has practically created new industries. These 
products are not confined to illumination or to fuel, 
but find wide application in many arts and sciences : 
in pharmacy, lubrication, ore concentration, electric 
insulation, dyeing, and a host of other outlets 
which are adequately treated in this encyclopedic 
work. Naturally so large and varied use of the 
products demands that a trustworthy system of 
testing, based on recognised standards of quality, 
should be established in order to satisfy the refiner 
that his processes are being accurately and eco- 
nomically conducted, and also to protect the buyer. 
This is a large subject on which it is known Sir B. 
Redwood worked assiduously and successfully ; 
and his presentation of the schemes of Sir F. Abel, 
Dr. Kellner and other associates is especially in- 
structive. The authors’ own tests for the detection 
of petroleum vapour, for the burning quality of 
oils, together with his viscometer, form notable 
contributions to the many devices with which 
ingenuity has enriched the technical developments. 
These, with much other matter, historical, technical 
and statistical, invite extract and comment, but 
short quotations would fail to do justice to the 
thoroughness and exactness that pervade the 
authoritative information bearing on every branch 
of the petroleum industry. 
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A Jovurnat oF Screntiric InstRuMENTS.—The 
Institute of Physics, impressed with the need of a 
journal dealing with methods of measurement and the 
construction and use of instruments, has under con- 
sideration the publication of a journal bearing the 
above title. In Germany there are some four or five 
journals which cover this field and one of these, which 
devotes itself entirely to the subject of scientific instru- 
ments, has been of t influence in imparting a sense 
of the importance of scientific methods in the study of 
technical and industrial problems. Incidentally it has 
been largely instrumental in fostering the scientific- 
instrument trade of the country. Research workers and 
manufacturers in this country have long felt the need of 
such a journal, for although descriptions of instruments 
and methods of measurement are published in the 
specialised journals and in the Transactions of learned 
societies emphasis is not as a rule laid on the construction 
of the instruments, nor are detailed drawings generally 
reproduced. Still less does one find an indication of 
possible applications of an instrument or method in a 
field other than that for which it was originally devised. 
Physical measurement is the basis of all exact scientific 
and industrial work, and a journal of the proposed scope 
will not only be of direct value to the research worker in 

hysics, chemistry, engineering, biology and medicine, 

ut it will also cakes aid manufacturers of scientific 
instruments and act as an incentive to invention and 
progress. The journal will be m by a committee 
appointed by the Institute of Physics on which the 
De ent of Scientific and Industrial Research and 
the National Physical Laboratory will be represented, 
and the editorial work will be carried out at the National 
Physical Laboratory assisted by a scientific advisor 
committee appointed by the Institute ef Physics. It will 
probably consist of 32 pages and will be published 
monthly at 2s. 6d. issue. The institute will only 
find it possible to make itself responsible for the journal 
if its financial position is secured; and as a means of 
ining what support may be expected a specimen 
number for free issue is now being issued. Anyone 
desirous of obtaining a copy of this number is asked to 
apply to the Secretary of the Institute of Physics, 
10, Tissb-ctseet, London, W.C. 2, and to enclose 6d. to 
cover postage. 
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THE MECHANICAL DESIGN OF SCIENTIFIC 
INSTRUMENTS.* 


Dezrmine an “instrument” as an arrangement 
of co-acting parts to aid the senses during the per- 
formance of an experiment, and confining the term 
“ scientific instrument ”’ to that class which definitely 
measured some physical magnitude, Professor Pollard 
distinguished two main groups of instruments: Those 
aiding the senses in a qualitative manner and used only 
for observation, and those aiding the senses in a 
quantitative manner and used for measurement. 
The second group was by far the largest and most 
important, and represented the last stage in the natural 
evolution of the instrument. The laboratory instru- 
ment of to-day frequently was the tool of to-morrow. 
The design of scientific instruments embraced the 
application of many branches of the physical, engineer- 
ing and chemical sciences; but as the design passed 
to the stages of serviceable construction, manufacture 
and mass production, the considerations were chiefly 
of a mechanical, engineering and economical nature. 

Reviewing Maxwell’s fundamental principlest of 
the construction of all instruments, Professor Pollard 
explained that we could relieve the pieces of an instru- 
ment from unnecessary strain, as well as secure for the 
fixed parts a determinate position and ensure that the 
movable parts should move freely, yet without shake, by 
attending to the well-known fact in kinematics: A 
rigid body has 6 degrees of freedom. Before considering 
that kinematical proposition we should thoroughly 
acquaint ourselves with what was meant by a kine- 
matical degree of freedom. 

Degrees of Freedom and Constraint.—Professor 
Pollard considered first a point in space. The point 
had no dimensions and could not enjoy rotation, 
therefore; it had no parts and one aspect only, i.e., 
ee when viewed from any direction. Its position 

ad to be referred to some frame, e¢.g., to a system of 
rectangular co-ordinates. The general displacement 
of the point could then be resolved into three motions, 
i.e., translations along, or parallel to, the axes X, Y, Z ; 
those were the three degrees of freedom (3 d.f.) of the 
point. When one of the co-ordinates was fixed, 
X =a, the point was confined in its movement to a 
plane parallel to Y Z, and could move in that plane, 
parallel to the two directions Y and Z; the point then 
had 2 d.f. and had imposed upon it one degree of 
constraint (1 d.c.). When further constrained to move 
on another plane by Y = 4, the point could only move 
at the same time in the first and the second planes, 
that is, along the intersection of these two, and parallel 
to Z; the point now had 1 d.f. and 2 d.c. When a 
constant value was also assigned to the third co- 
ordinate, Z = c, the point X =a, Y= 6, Z=c was 
fixed and common to the intersection of the three 
planes; it had no d.f. and 3 d.c. 

We did not fully understand yet, however, what was 
meant by a degree of freedom. We had only referred 
to plane surfaces; but constraint might be imposed 
in other ways. We might use polar co-ordinates and 
confine the movements to the surface of a particular 
sphere. That would deprive the point of 1 d.f., as it 
could only move in latitude and longitude on that 
sphere. In general a degree of constraint could be 
expressed by equating some function of the point’s 
rectangular co-ordinates to a constant; that equation 
then represented a surface on which the point might lie ; 
three such equations would fix the point. If the 
constant of any one equation were variable, then the 
equation would represent different surfaces of that 
particular family. Thus the three constants, if 
variables, were themselves co-ordinates of the point, 
and were spoken of as “generalised co-ordinates.” 
In that sense the point had still 3 d.f. Instead of 
being regarded as having a degree of freedom along a 
straight line in space, the point had freedom over a 
surface, and it required three such surfaces to fix it. 

Passing to the rigid body, Professor Pollard stated 
that a body, rigid or assumed to be rigid for the present, 
had dimensions and could rotate about some axis. 
That introduced three more degrees of freedom, and 
the general motion could be resolved into three rota- 
tions about the axes X, Y, Z, as well as translations 
along these axes, making 6 d.f. (Fig. 1). When we 
fixed one point of the body, it lost 3 d.f., for it could not 
be translated; but it could still rotate about the 
three axes passing through that fixed point. The body 
then had 3 d.f. left which, together with the 3 d.c., 
made up the six elements. The fixed point might in 
general be a point of a continuous surface of the body 





* Abstract of three Cantor Lectures, delivered in 
February and March last before the Royal Society of 
Arts by Professor Alan F. C. Pollard. A.M.I.E.E., 
F.Inst.P., Department of Optical Engineering, Imperial 
College of Science and Technology, South Kensington. 

t We would refer our readers to Mr. R. H. Whipple’s 
presidential address to the Optical Society, see Encmn- 
EERING, May 27, 1921, pages 659 to 662, as to these 
principles and also as to some of the models and aevices 
of which Professor Pollard made use in his exposition. 








in contact with a continuous fixed surface; but it 
should be assumed that no sliding took place between 
the two surfaces. 

This condition was realised in practice by a ball 
and socket joint, of which the centre was the fixed 
point ; that joint enjoyed 3 d.f. If two points of the 
body were fixed, the body lost two more d.f.; for it 
could no longer rotate about the two axes perpendicular 
to the line joining the two points, but only about this 
latter line, and had therefore only 1 d.f. left. A third 
fixed point not in line with the other two, would 
completely constrain the body. 

Now when a point of the body was fixed, we robbed 
it of 3d.f.; but if we allowed the point to move in an 
direction over a fixed surface, we gave it back 2 d.f. 
Hence a body forced to move in contact with a fixed 
surface lost 1 d.f., i.e., it could not move normally to 
that surface and had 5 d.f. left. Every successive con- 
straint of a point in the rigid body to a surface meant 
an additional loss of a d.f., and six such conditions 
completely fixed the body. Thus, if six points properly 
chosen on the barrel and stock of a rifle were made to 
rest on six convex portions of a fixed support, the rifle 
might be replaced any number of times in precisely the 
same position for testing its accuracy. 





Fig) x 
A 
Cp 
J 
we 
(3064) 





Geometrical Design.—Design 
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in many 
cases eliminate accurate fitting with its troublesome 
tolerances and that it would reduce the number of 
functional surfaces to a minimum. By thus intro- 
ducing the various constraints which we required in 
accordance with geometrical and kinematical principles 
we achieved good design, and could, as would be seen, 
reduce cost of production while retaining precision 
of adjustment otherwise unobtainable. The number 
of ways of applying geometrical design was unlimited, 
but that part of the subject was not so well understood 
as it deserved. Professor Pollard therefore devoted a 
good deal of his time to description of successfully- 
designed parts of instruments and to the examination 
of defects of design violating those principles. 

Definite Position.—To place an instrument or part of 
it in a definite position, required means of applying and 
maintaining six mutual pressures between the part 
and its support touching one another at six points, an 
arrangement called a “‘ geometrical clamp.”’ In a well- 
known form of this, the support was supplied with 
three V grooves to bear the six gravity pressures 
produced, e.g., by the legs of a theodolite. The arrange- 
ment of the surfaces was important. If one of the 
surfaces were removed, the correspond! point of the 
instrument, which now had a d.f., would move in a 
direction determined by the other bearings; the 
tangent plane at the bearing should be as nearly as 
possible square to the direction of this ible move- 
ment. The three grooves-device generally was not so 
well conditioned as Kelvin’s clamp, in which one foot 
rested in a V, another in a trihedral hollow in line with 
the V groove, and the third on a plane (Fig. 2). One 
of the six bearing points was on the plane, two were on 
the sides of the groove, three on the sides of the 





trihedral hollow. If we substituted for gravity a 
spring or a light screw and nut binding the part to its 
support to which those six planes belonged, we had a 
geometrical clamp, more secure and precise than the 
usual three screws forced to the utmost. The trihedral 
hollow was difficult to make and was hence replaced by 
a drilled conical hole. But there was Kelvin’s objection 
that the conical hole might not be quite true and 
slightly elliptic instead of circular, so that the three 
points of contact were reduced to two; the hemi- 
spherical foot would then not rest in the hole, 
but might slightly be displaced horizontally along the 
major axis, besides the legitimate rotation about any 
axis through the centre of the hemispherical surface. 
The defect could be remedied, not by trying to turn 
the hollow true (when a hair or dust would cause the 
desired result to be lost again), but by altering the one 
or the other of the surfaces so as to render it manifestly 
not a figure of revolution ; this could be done roughly 
by filing three round notches in the hollow so as to 
transform it into something between a trihedral 
pyramid and a circular cone, leaving the foot round, 
or else roughly filing three places on the foot so that 
horizontal sections a little above or below the points 
of contact might roughly be equilateral triangles with 
rounded corners. 

By removing one of the planes we gave the parts 
1 d.f., and such an arrangement was termed a “ geo- 
metrical slide.”” Thus, if we replaced the groove in 
Fig. 2 by a plane, so that two feet rested on the plane 
while the third remained in its hollow, we had a “ slide.” 
The first application of this form of slide, in which the 
single d.f. wag rotation about a vertical axis, was 
Kelvin’s azimuth mirror, an instrument placed on the 
glass cover of a compass to take the azimuth of the sun 
or of stars in order to correct the compass. By loading 
the instrument so that its centre of gravity was nearly 
over the foot resting in the hollow, the movement could 
be made very frictionless when the plane was horizontal. 
The familiar support of telescope trunnions in V-shaped 
bearings, when end long motion was prevented, was 
another example of the geometrical slide.* 

Turning Pair.—This movement between the two 
pieces was precisely that of a journal in its bearing 
and similar to that of a ‘ turning pair ’’ of mechanism. 
The extensive surfaces of contact in the turning pair 
of mechanism between the cylinder and its hole fad 
been replaced by point contacts on five surfaces. 
The tolerances necessary for the sliding fit were fre- 
quently responsible for a peculiar type of hysteresis 
(to which the lecturer reverted later). That hysteresis 
error was the greater, the greater the want of good fit, 
and good fit in turning pairs for manufacture in 
quantity required the upkeep of limit gauges. The 
geometrical slide was kinematically exact and free of 
variance, and its manufacture could be effected at a 
minimum cost without limit gauges. The five surfaces 
against which five points of the movable body were 
pressed could be so arranged that the single d.f. left 
was one of translation (instead of rotation), ¢.g., b 
removing one of the planes in the hollow of Kelvin’s 
hole, slot, and plane and converting it into a V-groove 
parallel to or, better, in line with, the other groove. 
This design was applied in the mechanism for moving 
the fourth quadrant of Kelvin’s electrometer and in 
some of the models of the Cambridge and Paul Instru- 
ment Company. 

Professor Dalby had applied the V-shaped grooves 
resting upon a cylindrical rod in order to give easy and 
smooth movement to a Lae in his dynamometer (Me. 
3, page 730). The grooves V, and V, were part of the 
casting A which housed the pulley; this gave four 
surfaces of contact on the rod. The other surface was 
at A,, bearing on a second rod parallel to the first. At 
R a lever was hi to the casting which, by being 
forced against a third rod by means of a spring 
attached to the casting, maintained the necessary 
pressures between the five surfaces V,, V,, A, 
and the rods. In the cent Einthoven string 
galvanometer of the Cambridge and Paul Instru- 
ment Companyt) the carriage carrying the fibre 
was suppo' by the hole, slot and plane. Mr. 
Mallock’s vibrograph} was another ingenious ip rm 
tion of gocenetiioal design. The simplicity and cheap- 
ness of all these forms of geometrical design were 
due to the fact that the constraint was produced 
by the pressure of a point against a surface; at the 
most only one of the elements of the constraint had 
to be worked carefully, and the worked surface as a 
rule took the form of a cylinder or plane which need 
only be ground for most purposes. 

When the pressure was too tae y for one point, 
the di could frequently be pushed to more than one 
point of contact for a given constraint. But when we 
did this, the geometrical principle was violated, and 
we had at once to introduce accurate and more ex- 
pensive manufacture. Cylinders, planes and spheres 





* Compare also Fig. 1, page 660, loc. cit. 
+ Encineerine, August 22, 1919, page 253. 
{¢ EncrverrinG, May 27, 1920, page 661, Fig. 9. 
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could accurately, and cheaply be manufactured, how- 
ever, and the construction of instruments tly be 
simplified by this compromised geometrical desi A 
good example of this was shown in the use of the sphere, 
oylinder and plane for the slide of the carriage of om 
Alfred Herbert’s universal dividing machine,* If still 
greater pressures had to be taken, the point contact 
could be made a plane contact ; that would increase the 
difficulties of production, however, for the surfaces of 
constraint were now true component functional sur- 
faces which had to fit accurately in all positions of the 
moving piece. The ordinary V and plane of the bed of 
a lathe for the traverse of the © and loose head- 
stock offered a familiar exemplification. 

Frictional Aberration.—Frequently extremely ac- 
curate slide motion had to be combined with a 
minimum of frictional resistance for parts, either of 
considerable weight or subjected to large separating 
forces. Professor Pollard had known cases in which 
instruments had had to be abandoned because excessive 
force was required to set the pieces in motion with 
privat yp vasa in the recording mechanism 
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and undesirable wear. The question arose whether 
the sliding pair could be entirely replaced by turning 
pelts, and he thought that a general answer could be 
ound in Sarrut’s mechanism. 

Sarrut’s Mechanism. Bennett’s Modification.—The 
production of a straight-line motion had been believed 
impossible until Peaucellier solved the problem by 
the invention of his inverting cell. Sarrut had, how- 
ever, solved the more complete problem (Comptes 
Rendus, 1853, vol. xxxvi) eleven years before Peau- 
cellier. All the straight-line motions of devices of the 
Peaucellier type gave that motion to all the points 
of a line in one of the pieces lel to the hinge lines, 
or else to all the points of a hinge line connecting two 

ieces. Sarrut’s solution (Fig. 4a and b) gave recti- 
inear translation to a whole piece. The pieces A and B 
were connected together by the four pieces R, 8, T, U; 
R and § themselves being joined with one another 
and with A and B by means of three parallel horizontal 
hinges, while T and U were similarly connected by 
three other and horzontal hi differing 
in direction from the first hinges. Thus A would have 
a rectilinear motion with t to B and, what was 
constructionally important, A and B remained strictly 
parallel throughout the whole motion. If therefore 


A represented a of an instrument required to slide 
i San fe e frame B, the sliding pair could be 
rep by 


wholly-turning pairs represented by the 
the mee {shown}. When the hinge TU 


* We illustrated this Wickman machine of Messrs. 
A. Herbert in our issue of September 17, 1920, on 
330, &c.; Professor Pollard pa 
the support of the main carriage on steel rollers and bars, 
80 arranged as to form a gree rane explained by 
our Figs. 127, 128, 131 to 133. 


hinges in 





w particular attention to 








was disconnected, the mechanism flattened out as 
indicated in plan in Fig. 45. 

Sarrut’s mechanism was not appreciated for fifty 
years until Bennett penn upon it in 1905. The 
generalisation, though not of much practical utility at 
present, would no doubt play an important role in the 
instrument, design and in the machine design of the 
future—and has, indeed, we may add, been adopted by 
one instrument maker who had listened to Professor 
Pollard’s lectures. Bennett pointed out that, as seven 
was the normal number of pieces in a closed kinematic 
chain n to ensure freedom of 1 deg., the 
mechanism of Sarrut belonged to a special class. of 
mechanism with only six pieces possessing singularly 
and exceptionally 1 deg. of freedom. In Bennett's 
mechanism (Figs. 5, 6a, 6b) of which Sarrut’s was a 
special case, the pieces A and B were interconnected 
by R, S, T, U, as before; but ifthe axes of the hinges 
connecting A, R, 8, B, met at X, and the axes of the 
hinges connecting A, T, U, B, met at Y, then the piece A 
would have a motion of pure rotation relative to B 
about the line X Y. When the hinge TU was dis- 
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connected again, the mechanism flattened out as shown 
in plan in Fig. 6b. Like Sarrut’s, this mechanism 
had 1 d.f. and was made up of six pieces; it might also 
be regarded, it was useful to note, as composed of two 
spheric mechanisms, each of four pieces placed in 
tandem, with different centres. If now the hinges 
connecting A, R, 8, B, and those connecting A, T, U, B 
were made el (Figs. 4a and 6), the points X and Y 
went to infinity, and the piece A rotated relatively 
to B about an axis at infinity, i.c., A had rectilinear 
motion relative to B, and Sarrut’s mechanism was the 
result. When only one of the points, say Y, was sent 
to infinity, by ae the hinges of A, T, U, B parallel, 
we obtained a third mechanism in which A rotated 
relatively to B about a line a to the hinges of A, 
T, U, B, and passing through the point X, the inter- 
section of the other hinges (Fig. 7a). After discon- 
necting the hinge R 8, the mechanism would again 
flatten out, as shown in Fig. 7). 

Although Sarrut’s invention was not generally known 
even now, it had not escaped the fate of all inventions 
and had been re-invented more than once; Brunel 
patented it in 1880, and Professor Archibald Barr rein- 
vented it in 1891 (Proc. Phil. Soc., Glasgow, March 18, 
1891). 

(To be continued.) 





NOTES ON NEW BOOKS. 


Tecuntcat Record No. 8 of the Explosives Supply, 
1915-18, is in one respect rather disappointing. The 
title ‘‘ Solvent Recovery” is as promising as that of any 
of these volumes. The solvents used in the industries 
of explosives, rubber, &c., viz, alcohol and ether, 
acetone, benzene, carbon disulphide, &c., not rarely 
represent one of the heaviest items in the cost of pro- 
duction, and efficient recovery is generally desirable 
as well in the interests of safety and hygiene. But 


peees | this Record, No. 8 (H.M. Stationery Office, Imperial 


House, Ki ay, W.C. 2; price 3s. 3d. post free), one 
of the volumes in neat grey cardboard, published by the 
Ministry of Munitions and the Department of Scientific 





and Industrial Research, confines itself in its 22 pages 
entirely to the recovery of the alcohol and ether as 
used in the cordite manufacture at Gretna. One would 
like to have a good deal more in the volume. Some of 
the research work was done at Woolwich and in Messrs. 
Nobel’s works, and this is also noticed. At Gretna 
alcohol and ether are mixed with the cordite paste ; 
the dough is carried to the press-house, extruded, &c., 
and the strands are taken in trays to the recovery 
stoves, in which the solvent vapours are liberated by 
air heated to 30 deg. C. for about 40 hours. The 
escaping vapours pass first through traps to catch any 
spray of nitroglycerin, and are then sent into scrubbers 
in which the vapours are absorbed. The absorbent 
first used was sulphuric acid (Barbet’s process); this 
was replaced by water, because the acid does not take 
up the ether, and is only slightly superior to water as 
regards the alcohol; finally cresol was used (Bregeat’s 
process), The rotary Whessoe scrubbers were utilised, 
and part of the original acid absorption plant remained 
available for the final process. The cresol gives up the 
solvent again on being heated in stills by steam in coils 
at 50 lb. pressure ; the recovery reached 65 per cent. 
of the theoretical. The details given are all very 
interesting ; but the limitations of the contents might 
have been pointed out on the title page, or something 
else have been added to the volume. 





Measurement of gases in bulk is frequently shirked 
in practice. The ordinary revolving gas meter becomes 
expensive when it has continuously to measure large 
volumes of gases, especially when they are hot. or acid 
or carry much dust. For this reason the actual 
volumes of producer and blast-furnace gas, used in the 
metallurgical and ceramic industries, and the masses 
of air sent into coke ovens or required simply for drying 
and ventilation, are not determined though it might 
be advantageous todo so. But we are not restricted 
to one method of gas-volume measurement. We may 
rely upon the velocity of flow determined by the aid of 
anemometers or hydrostatic balances ; we may measure 
the resistance which the flowing gas experiences in 
nozzles and Venturi tubes; and we may resort to 
calorimetric and chemical methods. Each of these 
methods has a literature of its own, mostly, however, 
in the shape of papers. We do not know of any recent 
comprehensive treatise on the whole subject like the 
“* Messung Grosser Gasmengen,”’ by L. Litinsky (Leip- 
zig: OttoSpamer).. This volume of 274 pages belongs 
to the Chemische Technologie series of monographs, 
originally edited by Professor Ferdinand Fischer and 
now edited by Professor A. Benz. The object of the 
author, an engineer, is technological; the theory is 
kept short, tables and curves are given, practical 
examples are worked out, and a good literature list 
and subject matter and name indexes are provided. 
Descriptions are given, among others, of the new 
registering apparatus of the Hydro-Apparat Bauanstalt 
P. de Bruyn and of R, Fuess, of the Skala and Rota 
meters, in which conical floats are raised and turned, 
and the calorimetric meters of Carl Thomas (Wisconsin). 
Katharometers and apparatus of McGregor Morris and 
of J. 8S. G. Thomas are not referred to; but they are 
hardly appliances for large-volume determinations, 
and though an instruments naturally pre- 
dominate, English inventions are not overlooked. 





If power alcohol is still more talked about than used 
as a fuel, it is not the lack of literature on the subject 
which prevents the technical development. The most 
recent contribution to this literature, ‘‘ Power Alcohol, 
its Production and Utilisation,’ by Dr. G. W. Monier- 
Williams, M.A., F.1.C. (London: Henry Frowde and 
Hodder and Stoughton, 1 and 2, Bedford-street, 
W.C. 2; price 21s. net), is a good volume (of 323 pages) 
upon which considerable time and study have been 
spent by a writer of experience. Each of the chapters 
has its own bibliography, that on synthetic alcohol 
alone comprising 41 items. That the engineer’s side 
of the problems only comes in with Chapter VIII— 
there are XI chapters altogether—is partly due to the 
fact that alcohol still remains a material for the chemist 
and distiller rather than for the engineer. Even 
synthetic alcohol does not advance much, however, 
though the synthesis from ethylene, we see, goes back 
to Hennell and to 1828, the date generally assigned to 
Woehler’s first synthesis of an organic compound, and 
the manufacture, during the war, of acetone and acetic 
acid from acetylene in this country came to an end 
with the war, nor does it seem to prosper elsewhere. 
We also read that the inclusion of alcohol, and possibly 
of ether and other bodies, in fuel mixtures will introduce 
many difficulties in the way of analytical procedure, and 
that it is also difficult to obtain reliable data on the 
corrosion of cylinders and other parts by the com- 
bustion products of alcohol. The non-deposition of 
carbon from alcohol on pistons and heads of engine 
cylinders, is important, and not only because the 
engines are kept clean inside. As Dr. Monier-Williams 
says; the soot favours over-heating of the piston head. 
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If, however, alcohol is apt to cover the inlet-valve 
pockets with a farlike or gelatinous deposit, as Mr. 
Monier-Williams states, there is not much gained, and 
the chemist has yet by no means done with power 
alcohol. 





The days are, perhaps, not wholly passed when 
the hierarchy responsible for the conduct of educational 
training viewed with disapproval the introduction of 
laboratory and practical instruction into the un- 
changing curriculum that they periodically presented 
to their students. But an ever growing number 
of authorities, desirous that some training in the 
methods of research should be provided and encouraged, 
have overcome the extreme conservative attitude, 
and the use has been rather grudgingly sanctioned in 
some quarters, of a syllabus which permits the pupil 
to indulge in the wearying measurements of distances, 
volumes, relative densities and similar uninteresti 
work—exercises that tend to increase, if they do not 
explain, the present day indifference to science in 
this country. Further attacks against this marked 
dislike exhibited by the adherents to a past tradition, 
have led to the appearance of many excellent text- 
books on laboratory practice, placing at the command 
of those who desire to acquire or impart an intelligent 
acquaintance with the mechanical, electrical and other 
processes, facilities and suggestions for the employment 
of apparatus whose practical use will introduce new 
life and interest. Such a work is that on “‘ Practical 
Physics,” by Messrs. Bower and Satterly (London: 
University Tutorial Press, Limited, price 7s. net), 
now a second edition, thus affording evidence of its 
value, for it has to compete with numerous and later 
rivals. The treatment of the subject naturally follows 
the same lines as the earlier edition, for an author’s 
opinion of the educational value of an experiment 
does not alter with time. Experience and fashion 
may make some additions expedient, and the author 
has, so far, conformed to the demands of a varying 
standard, that he has added a supplement, outlining 
experiments on friction, acceleration, surface tension, 
thermal expansion and conductivity, &c. But these 
additions wear the ap ce of an excresence and 
do not fall easily into the general scheme, devised by 
the authors, one of whom, Mr. Satterly, appears to 
have withdrawn from the collaboration. 

The scheme provides for the measurement of certain 
physical quantities by those who have acquired some 
knowledge of physics, but have attempted no practical 
work in the laboratory. The authors regard the hand- 
book as a complete elemen manual of the subject, 
affording practice in the elementary principles of 
measurement, and also in the setting up of apparatus 
that permits the investigation of fundamental principles 
of heat, sound, light, electricity, &c. Without sub- 
scribing completely to this view, it may be said that 
within the limits of the treatise the authors have 
fulfilled their programme. The experiments are varied 
and well selected, wide teaching experience being 
evidenced by omissions as well as by the examples 
provided; one would like to suggest extensions in 
several directions, but we have no doubt the authors 
have exercised a wholesome restraint. The addition of 
a number of experiments that can be performed at 
home is an excellent feature. Not only is such practice 
valuable to those whose opportunities for work in fully 
equipped laboratories are small, but is calculated 
to make the student more self-reliant, and to lead him 
to vary the conditions of experiment in a way that he 
would be too self-conscious to attempt when surrounded 
by students. Moreover, the authors encourage the 
tyro to construct his own apparatus, and not only 
does such procedure facilitate deftness of manipulation, 
but more is to be learnt from the roughest of self- 
constructed apparatus, though it give large errors of 
observation, than from more costly instruments whose 
purpose is imperfectly understood and of whose 
delicacy the student cannot take full advantage. 





When Dr. Wilhelm Jaeger wrote his treatise on the 
technics of electric measurements in 1917, he struck 
practically new ground. There were some books, 
though not many of merit, on methods of. measure- 
ments and the principles of the instruments, amon 
which the ‘‘ Praktische Physik,’’ by Dr. Jaeger’s chief, 
President Kohlrausch, of the Physikalisch-Technische 
Reichsanstalt, ranked first. But these books were either 
rather guides for experimenters, or descriptions of the 
special instruments of some class, and they did not 
deal broadly with the general principles underlying the 
design of electric measuring instruments of various 
types. As one of the senior members of the Reichsanstalt 
Dr. Jaeger was exceptionally qualified for this general 
task, and by 1921 a second edition of his ‘‘ Zlektrische 
Messtechnik. Theorie and Praxis der Elektrischen und 
Magnetischen Messungen”’ was called for. This second 
edition (Leipzig: Johann Ambrosius Barth; price 
165 marks, bound) is of nearly the same compass as the 
first edition, but the 528 large octavo pages, illustrated 


by 581 text figures, contain a great deal of new matter. 
The first two sections of the volume are devoted to 
theoretical foundations and to units and standards; 
the first 20 pages on vector analysis might have been 
omitted, though the advantages of vector methods are 
now generally acknowledged. The other sections deal 
with electric (direct and alternating currents) and 
magnetic measurements and with the measurements 
depending on temperature changes and radiations. 
The details of the routine resting of dynamos and motors 
and of high-frequency radiotelegraphic measurement 
Dr. Jaeger rightly leaves to special treatises. The 
carefully compiled names and subject-matter index 
of 25 pages deserves mention, 





It is somewhat noteworthy that such French text- 
books on mechanical engineering as have come under 
our notice in recent years, appear to be far more satis- 


ng | factory on the practical than on the theoretical side. 


“Turbines a Vapeur,” par M. Poincet, Professeur & 
l’Eole d’application du génie maratime, which has 
recently been issued by the Libraire J.-B. Balliére et 
Fils, Paris, at the price of 35 fr., forms no exception 
to this rule. M. Poincet is far from a safe guide on 
questions of hydraulics and thermodynamics, but his 
book contains much information of considerable prac- 
tical value. As to the properties of steam, he appears 
still to accept the results of Regnault as standard, 
although Regnault’s magnificent work was carried out 
in the ’fifties and ‘sixties of the last century, and has, 
by more recent researches made possible by the better 
apparatus now available, been proved to be in need 
of some important corrections. He also seems still 
to accept Professor Rateau’s conclusion that the 
efficiency of the convergent portion of a convergent- 
divergent nozzle is unity. In excuse of the author's 
neglect of the very important developments on steam 
turbine theory which have been made since 1912, it 
is only fair to bear in mind the intensity of the war 
strain in France, which may well have made it im- 
possible for M. Poincet to keep abreast of the times. 
This plea will, however, hardly serve as apology for 
the fallacy concerning the impact of a fluid jet on a 
plate, which is embodied in the statement on page 281 
that “‘si le fluide était dénué de toute viscosité, la 
veine se réflecherait sur la face d’impact en faisant 
un angle de réflexion égal & l’angle d’incidence.”” Even 
the perfect fluid of the pure mathematician would not 
bound back from a plate with an angle of reflection 
equal to the angle of incidence. By the destruction of 
some of the momentum of the fluid at the surface of 
the plate a pressure is created there. But when a 
pressure is exerted on a fluid it is necessarily the same 
in all directions, and hence momentum is generated 
by this pressure tangential to the plate as well as 
a thereto. For M. Poincet’s statement 
to be correct the pressure should generate momentum 
only in the direction last named. This fundamental 
fallacy vitiates much of the author’s discussion of the 
interaction between the working fluid and the blading 
of a turbine. His neglect of the phenomenon of 
supersaturation has led him, moreover, to deduce a 
“velocity coefficient’? for Parsons blading of but 
0-67. If the data he has studied had been obtained 
with highly superheated steam he would have found 
a far higher value. An analysis made by the method 
of least squares of a series of p' ive trials of a 
turbine tested under laboratory conditions with steam 
superheated throughout has yielded the value 0-875 
for the nozzle ( ) efficiency of Parsons bladi 
and the value 0-80 as the fraction of the kinetic energy 
discharged from the blading, which is effective in pro- 
moting flow through the next row. The co mdi 
velocity coefficient is therefore nearly 0-90. e have 
noted these points because we believe that on the prac- 
tical side M. Poincet’s work will be found of consider- 
able use to designers. He gives many data as to the 
standard practice of the French Navy and a number of 
practical semi-empirical rules for determining the 
general proportions of a turbine, to yield a given 
output at a stated speed. Considerable space is, more- 
over, devoted to the discussion of the auxiliary 
machinery. 





We have frequently noted that once a student of 
engineering has been taught to calculate he frequently 
ceases either to observe or to think. He places 
same reliance on his formulas as the school men of the 
past did on the authority of Aristotle as the one sure 
guide to natural phenomena. Sun spots were im- 
possible because the sun being the symbol of perfection 
could not in the very nature of things suffer from such 
blemishes, and similarly structures of a type which 
have given excellent and economical service for years 
are at times condemned on the strength of certain 
formulas. Such formulas necessarily contain an em- 
pirical factor, and must therefore be subject to correc- 
tion in the light of accumulated experience. By many 
computers, however, the authority of the formula is 
accepted as final just as was that of Aristotle three or 








73! 
four centuries ago. From Professor ©. A. Ellis’s 
preface to his treatise on the “‘ Hssentials of the Theory 
of Framed Structures,” just published by the McGraw- 
Hill Book Company, Inc., at 17s. 6d. net, it would 
oppoet that the state of things criticised above obtains 

in America, where Professor Ellis says ‘‘ there is a 
growing tendency in engineering schools to instruct 
rather than to educate,’ with the result that the 
students learn to apply formulas without really grasp- 
ing the principles on which they are based. In the 
work under review Professor is has followed a 
different line, and endeavoured to make clear the basic 
see owe of the theory of framed structures. We 
earn that the author was designing engineer for the 
Dominion Bridge Company from 1912 to 1914, having 
previously had several years’ experience with the 
American Bridge Company, so that he is well equipped 
for his task. 

As is well known, our present division of the right 
angle into 90 deg. and of each di into minutes 
and seconds is an inheritance from the Chaldean astro- 
nomers, and a very inconvenient legacy it has proved. 
The opportunity of supplanting this awkward system 
of angular measurement arose with the invention of 
logarithms by Napier, and Briggs who bore the main 

urden of computing the new tables, had with 
characteristic common sense arra’ to seize the 
occasion and prepare trigonometrical logarithmic 
tables based on the decimal system. Unfortunately, 
Adrian Vlacq, who shares with Briggs the honour of 
providing the basis of all the logarithmic tables in 
common use, though he himself modestly disclaimed 
the credit which was fairly his due, appears to have 
been unaware of this intention, and at any rate he 
published logarithmic tables of the trigonometric 
functions based on the old se imal system, and 
Briggs accordingly abandoned the idea of effecting a 
reform. There have been several attempts to effect 
a change since, but habit has so far proved too strong. 
A new set of tables for angles divided on the decimal 
ra has just been published by Messrs. Gauthier- 
illairs et Cie., Paris, under the title “‘ T'ables centesimales 
pour le tracé des courbes,” and is priced at 15 fr. The 
author is M. J. Bouchard, who has had particularly in 
view the needs of civil engineers and surveyors. The 
tables give the natural trigonometric fractions to six 
laces of decimals, and will be found extremely useful 
y the increasing number of surveyors who are using 
instruments divided on the decimal system, 


When the Petroleum Exhibition was held in 1920 
at the 1 Palace, the Institution of Petroleum 
Technol arranged for a series of lectures intended 
to give the Pages 1 public information and — 
concerni © production, refining, transport and uses 
of petroleum. The instructive character of the 
lectures finding appreciation, the Council of the 
Institution decided to publish the course in the form of 
a book entitled “* The Petroleum Industry.”’ (The Insti- 
tution of Petroleum Technologists, 5, . John-street, 
ry W.C. 2, price _—— net.] The weg a 
of 350 pages comprises statistics, wel- 
come notes on nomenclature, a list of tont-baai, and 
an index. Dr. A, E. Dunstan -has acted as editor. 
We noticed several of these lectures at the time, as 
well as the discourse on ‘‘ The Romance of Petroleum,’’ 
which was delivered by the late Sir Boverton Red- 
wood at the Royal Institution in June, 1918, and a 
résumé of which is also reprinted in this volume. The 
contributors are: Sir F. W. Black, Messrs. E. H. 

ingham-Craig, G. Howell, Herbert May, H. 
Barri , A. E. Dunstan, F. B. Thole, W. R. Ormandy, 
J. 8. 8. Brame, J. Kewley and A. W. Eastlake. 
Popular surveys of this type, compiled by real experts, 
are always acceptable. 








SranparD GrapHica, Sympors For ELECTRICAL 
Purposrs.—Publication No. 108, 1922, of the British 
Engineering Standards Association, which has just been 
issued, contains the first list of British standard graphical 
symbols for use in electrotechnics, and is the result of 
co-operation between various Government departments, 
technical societies, industrial organisations and experts 
interested in the subject. The list contains nearly 
900 symbols divided into eight sections relating to power 
stations, transmission, machines, switch gear, instru- 
ments, resistances, &c., tel phs and telephones, radio 
communication, and traction, and while admittedl 
incomplete it is thought that the list will meet a long-felt 
want in view S the fact ore bh so man: ————— at 

resent use their own particular sym , thus causing 
vonsiderable confusion. In connection with 
work the symbols should be particularly useful, a 
number of them being in agreement with those used in 
other countries. The list will be subject to periodical 
revision, and provision has been made for oye ber 
in the meantime it is ed that every i 
make use of the list | thus assist Cayo 3 of the 
association, whose my et My 3 been to make the _ 
acceptable to every branch of the industry. Copies o 
the publication can be obtained from the offices of the 
association, at 28, Victoria-street, London, 8.W. 1, price 
ls. 4d. post free. 
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SOME SPECIAL CASES OF TWO DIMEN- 
SIONAL STRESS OR STRAIN.* 
By Professor C. E. Incris, M.A., Associate. 
Suppose that positions on a thin fiat plate (see Fig. 1) 
are defined by co-ordinates x, y, referred to re ar 
axes drawn in the plane of the plate. If the plate is 
stressed by forces applied along the bound of the 
naw in directions parallel to the plane of z y, it is well 
nown that the three stress components R,, Ry, 8, which 
completely specify the stress at @ point, are given by :— 
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In the following dis ion the dealt with are 
sectors of circles, and with this object in view it is 
desirable to transform the above results into polar 
notation, Effecting this transformation, it will be found 
that the three stress components R,, Rg, 8 (see Fig. 2), 
are given by »— 
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R, = — €* > ute. 
r? o 68 ror 
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where V, in this case, is found from the differential 
1 1av + 1eV 
or re 


equation :— 
a2 1 ; 
(se * rae * age) (Fateh tage) 
A general solution of this equation is :— 
V==(Ar"® + Br® + 2) cop ne 








and from this the following general stress components | 
can be deduced :— 


Ry = —(An(n — 1) r«-2 + B(n — 2)(n + 1) r®J] cos n0 
Rg = [An (n — 1) r*-2 + B(n + 2)(n +1) 1] cos nO 
8 =[An(n — 1) r*-2 + Bn(n +1) r"Jsinn @ 


Another set of stress components can be derived by 
writing cos n @ in place of sin n 6 and — sin n @ in place 
of cos” @. In the above formula n can be any number, 
whole or fractional, positive or negative, while A and B 
are arbitrary constants to be decided by the particular 
nature of the boundary conditions. In the foregoing 
analysis the plate is assumed to be so thin that no appre- 
ciable shear stress or normal stress in a direction at 
right angles to the plane surface has room to develop, 
the stress in effect being purely two-dimensional in 








character. In the case of a plate of great thickness, if 
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Case in which ro-7r, 


the stresses applied to the boundary are uniformly dis- 
tributed in the direction of the depth of the plate, then, 
except near the top and bottom plane surfaces, the state 
of strain does not v with the depth, and the ex- 
pressions for R,, Rg, 8 stated above can be used to 
determine the state of stress in the plate, excluding only 
regions near the free plane surfaces. 

t is now proposed to deduce from the general stress 
formule certain particular stress distributions relating 
to a flat of tapering width. The converging sides are 
supposed to be inclined together at an ten 2 a, and the 
thickness of the flat is supposed to be ¢ (see Fig. 3). 
Case 1.—In the general formule put n = 1 and make 


A(n—1)= y ; this theans that A has to be indefinitely 


large of the order 
Then 
R- = 
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is a possible stress distribution. Put n = — 1 and make 
Bin +1) = P ; this means that B has to be indefinitely 








* Pa 
tects, 


r read before the Institution of Naval Archi- 
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Then 
R, = 2 P cos 8 _ Pcos@ gs — Psin@ 
— iy 4r 4r 


is another possible stress distribution. Neutralising one 
of these distributions by means of the other, the Rg and 8 


stress components cut out, leaving a purely radial stress 
distribution * defined by :— 


R, = £0089 
r 





On integrating, it will be found that the total pull over 
any cross-section such as A B (see Fig. 3) is Pt (a + 
i sin 2a). Hence it follows that, in the case of a taper 

at subjected to an axial pull T, the stress distribution is 
defined by 
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Case where ro-7r; 


For the particular case 2 a = 30 deg., the distributions 
of normal stress and shear stress over a cross-section 
are in accordance with Fig. 3. ‘ 

Case 2.—This relates to the bending of a flat of tapering 
width by couples applied at its ends acting in the plane 
of the plate (see Fig. 4). If in the general stress formule 
n is made zero, the following stress distribution can be 
evolved :— 


_ _ Peos2a 
R,-=0, Rg=0, S= ——— 
Putting n = — 2, the following stress distribution 
emerges :— 


_ Peos 26 


2Psin2 ¢ a 
Pe Frag Ry = 0, 8 2 


A superposition of these gives the stress distribution :— 
i — 2 

_2Psin2¢ R, = 0, g — Picos 2 @ cos 2a) 

r2 6 re 
In this case the boundaries 6 = 4a are free from 
and shear stress, and on integrating it will be 
found that the total action over any cross-section A B 
(see Fig. 4) is a pure bending moment of magnitude 


R- = 








* This radial distribution of stress is referred to in 





Love’s “‘ Theory of Elasticity.” 
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Pt[sin2a—2acos2a]. Putting M = Pt(sin2a — | 
2 a cos 2 a] it follows that in the case of the taper flat 
shown in Fig. 4 bent in its own plane by terminal bending 
moments M, the stress distribution is defined by :— 


i x 2 Msin 26 : 
t{sin2a — 2acos2 a} r2 
M [cos 2 6 — cos 2 a} 

¢ [sin 2a — 2a cos 2 a) r® 


Fig. 4 also gives the general character of the normal stress 
and shear stress over a cross-section for the particular 
ease 2a = 30 deg. 

Case 3.—This case is depicted in Fig. 5. It relates to 
the bending of a fiat of tapering width by means of a 
transverse force. By a method of deduction similar 
to that followed in Case 1, the stress distribution 
R, P sin @ Ro = 0, = 0 isderived. The total 

r 
action over any cross-section A B for this distribution 
amounts to a shearing force P¢ [a — } sin 2 a], combined 
with a bending moment couple Pxt[{a — }sin 2a], 
where x is the distance of A B from the point of inter- 
section of the converging sides. Putting Pt [a — 
4 sin 2 a) = W, the case represented in Fig. 5 is obtained, 
and the corresponding stress distribution is :— 
W sin 0 

t{a — }sin2aj]r 
For the particular case 2 a = 30 deg., the distribution of 
normal and shear stress over a cross-section is in accord- 
ance with Fig. 5. 

Case 4.—By combining cases 2 and 3, the general case 
of bending by concentrated transverse loads is obtained. 

If at any particular section taken in a region which is 
free from any of the applied loads, the shear is S and the 
bending moment is M, then the stress distribution for 
this region (except in the immediate neighbourhood of the 
applied loads) is given by :— 

R.— — _2(M - S2)sin20 = 3 

, t (sin 2a — 2a cos 2a) r2 


Rg = 9, 





Ry == 0, 
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Ry = 9, s=0 


S sin 0 
t(a —$sin2a]r 





gs —™ — $2] [cos 2 0 — cos 2a} 
t (sin 2a — 2a cos 2 a] r2 


where z is the distance of the particular section from the 
point of intersection of the converging sides. By a 
suitable choice of n in the general stress formule, the 
case of bending by means of loads uniformly or non- 
uniformly distributed can be similarly treated. 

Case 5.—Consider now the arrangement depicted in 
Fig. 6, in which a curved beam of uniform — is sub- 
jected to bending by means of couples terminally applied. 
In this case (except near the points of application of the 
couples) the state of stress and strain does not vary from 
section to section, and for this region the stress function V 
must be independent of @. 

V is accordingly to be found from the equation :— 

( oA eae ev 10 ~) 
—] v= a (3 + -—— 
or ro ;) ore ror 
and the general solution of this equation takes the 
form :— 





= 0 


V=A+Br2 + Clogr +Drtlogr 
The corresponding stress components are :— 


R, = (2B +D + _ + 2Dlogr, 
r 
R, = (2B +3D)—- © . eDiogr, 
v2 
8s=0 
Adjusting the constants of integration so that Ry is 


zero at the top and bottom boundaries r = ro and 
r = 1, the stress components take the following forms :— 
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s=0 
-On integrating it will be found that the stresses across 


a radial section combine to give a pure bending moment 
of magnitude 
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rj log ro — r} log ry 
where ¢ is the thickness of the curved beam. If this pure 
bending moment is denoted by M, the corresponding | 
stress components take the form :— 
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As r; decreases, the value of Ry at the small inside 
radius approximates to the value LB 8... 0% and conse- 


t ro 
quently tends to become infinite in the case of a sharp 
right-angled bend. For the particular case r9 = 7 71 the 
distribution of normal and shear stress over a radial 
cross-section is in accordance with me 6. 

Case 6.—This relates to a curved beam bent by 
transverse forces T applied in the manner shown by 
Fig. 7. In this case the total normal force over any 
radial section defined by the angle @ varies as sin @, and 


the total shear over the section varies as cos @, Putting 
n= 1 and n= — 1 in the general stress formula, a 
stress distribution can be deduced as follows :— 
BE- = (a- +B —- 5) sin 6, 
B.wOrN\ 3 
Ry ae (sr £1 5) sin 0, 
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The fact that Rr and 8 are the same functions of r 
makes it possible to satisfy the condition that these 
two stress components should simultaneously vanish 
at the two boundaries r= 7; and r= 79. Selecting 
values of A, B and C in accordance with these conditions 
the stress distribution takes the form :— 


R, =P & r+ (r3 +13)! - tt] sin 0, 
r3 


= 
2e37, 

p[-3r + (r3 +ryi +s] sin 0, 
rs 


r 
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On integrating, the total shear stress over a radial 
cross-section is found to be :— 


Pt [a — r2) — (r2 + 1?) log | cos @ 
r) 
and the total normal stress is :— 


Pt [ors ~ r?) log "2 — (r2 - ri) | sin 0 
r) 


, 
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S=P[ +r (stern + 


Hence the case represented in Fig. 9 corresponds to the 
following stress specification :— 
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As Ri decreases, the value of Rg at the small inner 
28 

tr; log ri 
quently tends to become infinite in the case of a sharp 
right-angled bend. For the particular case rp = 71}, 
the distribution of normal stress and transverse stress 


along the radial cross-section 0 = ° is in accordance with 


Fig. 7. By combining Cases 5 and 6, the stress distribu- 
tion for the general case of a curved beam bent by means 
of concentrated transverse loads can be investigated. 
As an example, consider the case represented by Fig. 8 
in which a stirrup cut out of a flat plate is supporti 

a central load W, the inner radii of the right-angle 
bends being 4 in. The section AB is subjected to.a 


bending moment W combined with a shear =. The 


8 





radius approximates to the value — » and conse. 


section DF is subjected to a bending moment 3 W 
combined with a shear ‘. The distributions of normal 


stress and transverse tension along the sections A C and 
DE are shown on Fig. 8. The very considerable error 
which would be introduced by assuming the normal 
stress to be uniformly distributed over the cross-sections 
is clearly emphasised in this calculation. This uniformly 
varying normal stress will, however, be ee men to 
in the case of the section P Q lying midway between 
AC and D E, 





THE FORMATION OF GLOBULAR 
PEARLITE.* 
By J. H. Wurrecey (Stockton). 


In the course of some experiments which were made 
during a recent investigation on pearlitet it was noticed, 
when small pieces about 1 gramme in weight of plain 
steel (carbon 0-20 per cent.), containing large grains of 
the eutectoid, were heated to a tem; just above 
Acl (720 deg. C.), that the whole of the cementite did 
uae dissolve erp nmey, A in the ce ge geen 

hile the greater part disappeared rapidly, a small 
residue of very fine particles m tte maland embedded 
in the y-iron and an appreciable length of heating was 
necessary in order to obtain a complete solution. Speci- 
mens could be held for at least 30 minutes at 745 deg. C., 
before the cementite completely vanished, and even at 
760 deg. C. fully 10 minutes’ heating was required. 
A typical instance is seen in Fig. 1, which depicts part 
of an area of solid solution in a section of the steel which 
had been held at 750 deg. C. for 3 minutes and then 
quenched in water. After treating a polished surface 
with a 2 per cent. solution of picric acid in alcohol, and 
then with hot alkaline sodium picrate solution, the un- 
dissolved cementite particles were stained black as shown. 
The length of time required to effect a complete solution 
of the carbide was found to depend also upon the size 
of the pearlite grain. Thus nuclei are absent from the 
small areas at the top of the figure. In hypoeutectoid 
steels the particles dissolve more rapidly in small grains, 
ag ogee because such grains are more quickly fainted 

y the diffusion of ferrite inwards from the exterior. 

Since areas of solid solution containing visible nuclei 
of cementite could thus be obtained in h utectoid 
steel, the question arose as to what effect the presence 


of these nuclei would have on the character of the lite 
formed and on the position of the Arl point w the 
steel was slowly cooled down. Although a partial 
answer had already been given by Honda and Saito,t 


who found that the presence of carbide nuclei, more 
especially in hypereutectoid steels, led to the formation of 
globular pearlite, the question seemed worthy of further 
consideration on account of the work of Miers on the 
crystallisation of salts by inoculation in liquid solutions. 
It was thought that the same effects might also obtain in 
the crystallisation of a solid solution. Miers demon- 
strated that below the true solubility curve of a salt in 
a solution there is a ‘‘ metastable’’ region of under- 
cooling and consequent supersaturation, in which crystal- 
lisation can be started by inoculation, the addition of a 
a of the solute or of an isomorphous substance 
eing sufficient to bring this about. Below the metastable 
region there is another—the “labile ’’ region—in which 
crystallisation occurs spontaneously, the initiating 
impulse of a germ-crystallite not being required. 
Now there is good evidence to show that a considerable 
degree of undercooling can occur before lamellar pearlite 
forms from the solid solution. The variable temperature 
gap between the points Acl and Ar! is, of itself, a proof 
of this, because, while the Acl point is fairly stationary, 
the Ar} point has been found to vary widely according to 
the carbon content and rate of cooling. Seeing that 
undercooling implies supersaturation, it must abe be 
concluded that lamellar pearlite forms from a super- 
saturated solid solution ; and, further, the degree of 1 
which can occur would seem to indicate that the point o' 
formation is, at times, not far removed from the labile 
region. On these grounds, therefore, it appeared of 
interest to ascertain whether the structure of the pearlite 
was modified in any way, and also whether the temperature 





* Paper presented to the Iron and Steel Institute, 
on Friday, May 5, 1922. 

t “The Formation of Pearlite in Steel,’ Proceedings 
gf the Cleveland Institution of Engineers, 1921-22, 

0. 2. 

t Journal of the Iron and Steel Institute, 1920, No. II, 
page 261. 
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at which the transformation began was raised to any 
extent by the presence of carbide nuclei in the solid 
solution, 

For the purpose of the investigation a sample of steel 
plate was used, the analysis of which was as follows: 
Carbon, 0:20 per cent.; phosphorus, 0-06 per cent. ; 
sulphur, 0-07 per cent.; manganese, 0-52 per cent. ; 
silicon, 0-02 per cent. The sample exhibited the usual 
banded structure found in rolled material of this descrip- 
tion. In order to obtain an even distribution of the 
impurities which give rise to this structure, the piece was 
placed at the centre of a solidifying slag ball and kept 
there for two days. By this means the banded structure 
was eliminated and large areas of well-defined lamellar 
pearlite obtained. An example taken from one of these 
areas is shown in Fig. 2. 

It was, of course, essential that the positions of Acl 
and Ar! should be known. These were found by examin- 
ing microscopically small pieces of the material which 
had been quenched in water after they had remained 
for | hour at different temperatures in the neighbourhood 
of the two points. Since the degree of lag at Arl is known 
to vary according to the speed of cooling, the rates of heat- 





Fie. 1. Peraruire Street Fria. 2. 
Heated at 750 pre. C. 
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Soturton. xX 1,600. Ercnep x 1,500. Soprum Prc- x 1,600. Soprum Prc- 
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ing and cooling which were given in these tests were 
approximately the same as those employed in the subse- 
quent experiments on the »ffect of the presence of carbide 
nuclei.* Under these conditions Acl was found to lie 
somewhere between 715 deg. and 720 deg. C., for at the 
latter temperature the transition to y-iron had occurred 
in many places, whereas at 715 deg. C. no such change 
had occurred, Similarly, by otierving the point at which 
lamellar lite began to grow, Arl was found to lie 
between 690 deg. and 685 deg. C., when the pieces were 
first heated for 30 minutes at 800 deg. C. 

As a preliminary experiment, a small piece of the steel, 
about {crema in weight, was heated at 745 deg. C, 
for 5 minutest and then gradually cooled to 650 deg. C, 
in 20 minutes, A careful exam.nation of the pearlite thus 
formed showed that it was partly lamellar and partly 
globular, the latter type being mostly well within the 
areas in places where it was known that the nuclei had 
originally been. Since it was probable that the globular 
pearlite, if formed through inoculation by the nuclei 
and not by the netting up of newly-formed lamella, 
would grow at a higher temperature than lamellar 
pearlite, a second experiment was now made in which 





* Throughout the investigation all temperature readings 
were taken with a Cambridge potentiometer. 

+ In this and all subsequent experiments, the length of 
heating stated does not include the time required to 


bring the specimen to the particular temperature used, 
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@ similar piece was heated in a silica tube for 5 minutes 
at 745 deg. C., cooled in 2 minutes to 700 deg. C., held 
there for 20 minutes, and then idly quenched by 
allowing it to fall into a quantity of oa water a foot deep. 
On examination it was seen t' the y-iron areas had 
been largely transformed, the unchanged parts being at 
the margins where lamellar ite had formed in the 
a setmee experiment. In this instance hardly any 

mellar pearlite was to be séen; the separated carbide 
in the transformed parts was almost entirely in the form 
of minute globules, as shown in Fig. 3. Proof that the 
globules were reall earbide was obtained by 
immersing the section for 10 minutes in a hot solution of 
alkaline sodium picrate. Fig. 4 shows the same area 
after this treatment.* 

Each particle of carbide in the globular pearlite has 
evidently been formed by the growth, in the y-iron, of 
an undissolved particle which has acted as a 1 


cementite is all dissolved in ferrite at the Acl point ; 
hence by heating the specimens to 20 deg. or 30 deg. above 
the Ac] point, the cementite in solid solution is uniformly 
diffused, and hence by ling a | llar structure is 
obtained.” 

Portevin and Bernard* have also noticed the same 
effect, again in hypereutectoid steels. They found that 
‘* the retardation of the solubility of the cementite above 
Acl on heating and its premature precipitation below 
Acl on cooling, are manifested by a period of intense 
dilatability.”’ In a eutectoid steel, however, they failed 
to discover the ‘‘ premature +> of cementite "’ 
when the pearlite was in the lamellar form prior to 
heating ; it only occurred when the pearlite was first 
*‘ coalesced *’ by heat treatment. In another place they 
state that ‘‘ alterations of temperature during the passage 
of Acl provides one of the best modes of securing the 
coal of the cementite. During the peri of 








upon which the carbide has been deposited. Moreover, 
the precipitation of carbide in this manner has occurred 
at a temperature about 15 deg. C. higher than that at 
which lamellar pearlite was found to form with the same 
rate of cooling in the absence of nuclei. This result was 


TyprcaL LAMELLAR 
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Fic. 3. GLtospuLar PEARLITE 
Growrne in Soiip Sorv- 
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heating the tiny particles disappear, both because of their 
minute dimensions and their greater solubility, while, 
during the periods of cooling, the dissolved cementite 
precipitates on the residual particles, the dimensions of 
which grow accordingly.” 
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obtained when other samples of hypoeutectoid steels 
were similarly treated. Whenever carbide particles 
were present in the y-iron, globular pearlite could be 
readily formed if the specimen were held at about 


700 deg. C. In the illustration given the transformation 
has not been complete; the solid solution area at the 
bottom still contains undissolved particles which 
apparently had not started to develop before the piece was 
quenched. ‘The difference in the size of the particles 
before and after growth can thus be com and is seen 
to be very marked. It will also be noticed that, 
apparently, the carbide globules can remain in contact 
without coalescing. 

The fact that the presence of particles of carbide in the 
solid solution causes the wth of globular pearlite in 
cooling has been observed, as previously remarked, by 
Honda and Saito, but chiefly in the case of hyper- 
eutectoid steels. Nevertheless, these authors obtained 
 speree pearlite by heating hypereutectoid steels for 

0 minutes at or just above Acl, but they give no precise 
information as to the speed at which the samples were 
cooled. They state that: ‘In hypoeutectoid steels 





*A singular 





feature, which was repeatedly observed 
with both globular and | llar pearlite, is here seen. 
The cementite icles have not been entirely stained 


Fie. 8. GLopunLar PEaRLITE In PROCESS 
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The observations recorded in the present paper on the 
formation of globular pearlite through the influence of 
the carbide nuclei have been made chiefly when using 
hypoeutectoid steel. In investigating this effect a 
number of features were noted, some of which appeared 
to supplement those recorded by previous workers, and 
these may now be considered. 

Method of finding the Point Ae.—There is evidence 
to show that lag occurs not only in cooling but also in heat- 
ing, the Acl point being higher than the true equilibrium 
point Ae, which has been defined by Howe and Levy* 
as being ‘‘ the temperature at which the transformation is 
due and would occur, were equilibrium complied with 
exactly.”” The formation of globular pearlite by growth 
of nuclei would appear to afford a means of ascertaining 
very closely the position of this point, for it is clear 
that as long as the steel is held at temperatures above 
the true equilibrium rps growth of the carbide particles 
will not take place. But as soon as the Ae point is passed. 
and the metastable region is entered, the nuclei will 
inoculate the solid solution and globular pearlite will 

in to form. 

y way of illustration, a series of experiments was 
made, in which specimens, about 1 gramme in weight, 
were heated for 3 minutes at 750 deg. C. in a small electric 





by the picrate, and in each crystal of the iron the un- 
stained ab pase all face the same way. This effect was not 
removed even after 1 hour’s immersion. 











* Journal of the Iron and Steel Institute, 1921, No. II, 
page 145. 
+ Ibid., 1916, No. II, page 217. 
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resistance furnace, and then cooled at the rate of approxi- 
mately 25 deg. C. per minute to various temperatures 
between 720 deg. and 695 deg. C., and held there for 
1 hour before being quenched in water. This length of 
time was conside sufficient to obtain a uniform 
distribution of the carbon dissolved in the y-iron areas, 
In the specimens heated at 720 deg. and 715 deg. C., 
no indication of any globular pearlite could be seen ; 





in fact, the number of nuclei present seemed to have been 
reduced. Also at 710 deg. C. no globular pearlite had 
formed, but here no difference could be detected in the 
number of nuclei present when the specimen was com- 
pared with one quenched after being heated for 3 minutes 
at 750 deg. C. only. At 705 deg. C., however, globular 
pearlite had begun to appear; the area shown in Fig. 7 
is typical of the degree of transformation obtained at this 
temperature. From these experiments, therefore, the 
position of the Ae point of this steel is seen to be some- 
where between 705 deg. and 710 deg. C., a temperature 
about midway between Arl and Acl. 

Since it seems very probable that the formation of 
globular pearlite may thus be used as a means of deter- 
mining the true equilibrium point with a fair degree of 
accuracy, it is of interest to ascertain whether the position 
of the point remains the same when the carbon concen- 
tration is varied; that is, whether the Ae line in the 
iron-carbon equilibrium diagram is horizontal. This 
does not appear to be the case with either the Ar or Ac 
line. Carpenter and Keeling, for example, show in their 
diagram that the Arl point rises about 20 deg. C. as the 
carbon content increases from 0-2 per cent. to 2 per cent. 
Dr. Stead also obtained the same result by a different 
method and, further, obtained evidence which indicated 
that the Ac] point rises in a similar way.* 


Method of Formation.—As soon as the Ae point is 
passed in cooling and the region of supersaturation entered, 
the undissolved carbide particles begin to grow by deposi- 
tion of the carbide upon them from the surrounding solid 
solution. The steel is now at a temperature juss below 
the triple point, and, consequently, when carbide 
separates, some ferrite must also separate, or the carbide 
concentration necessary for equilibrium conditions in the 
remaining solid solution will not be maintained. Minute 
crystals of a ferrite thus ap within the y-iron areas 
at points adjacent to, or not far removed from, the carbide 
nuclei. For every part by weight of carbide deposited, 
about six parts of ferrite separate, and since this difference 
is not counterbalanced by the relative densities, the 
wing particles of carbide are eventually surrounded 
Cy. she ferrite formed in the transition. An instance 
of the particles in process of separation from the solid 
solution is clearly seen in Fig. 7. 
When once all the residual solid solution areas are out 
of contact with the carbide particles, the formation of the 
lobular pearlite ceases and, if the temperature be not 
ened. these solid solution areas will persist for long 
periods. With a gradual fall in temperature, however, 
they eventually change into ordi lamellar pearlite. 
The fringe of Senclios pearlite which frequently exists 
at the margins of the globular pearlite areas in hypo- 
eutectoid steels is to be accounted for in this way. The 
carbide nuclei dissolve less readily at the centres of the 
y-iron areas than at the margins owing, no doubt, to 
the fact that the carbon concentration is reduced more 

uickly there than further inwards. Consequently, in 
slow cooling, globular pearlite first forms within the areas 











and afterwards lamellar lite at the fringes. In 
Fig. 4 part of the untransformed border in a specimen 


one cooling during the time the temperature is between 
Ae and Arl, but the rocess is not very rapid. If, there- 
fore, fully developed globular pearlite is to be obtain ed 
in a single passage through Arl, the metal must be cooled 
sufficiently slowly in order that growth may be completed 
before the point at which lamellar pearlite crystallises 
is reached ; otherwise, an intermingling of the two forms 
will be obtained. This effect was observed in several 
experiments and goes to show that lamellar pearlite 
can grow at a faster rate than globular pearlite. 

The Presence of Globular Pearlite induces Growth of 
Lamellar Pearlite.—The evidence appears to be con- 
clusive that globular pearlite forms at a higher tempera- 
ture than lamellar. It was noticed repeatedly, however, 
that the presence of globular pearlite within the y-iron 
areas causes an earlier growth of lamellar pearlite at the 
= than would otherwise occur during slow cooling. 
In this connection the following e iment is of interest. 
A small piece of steel was hea in a silica tube for 
45 minutes at 800 deg. C., 80 as to dissolve all the carbide 
nuclei. The furnace was next cooled to 750 deg. OC. and 
another piece was placed alongside. After this piece had 
been heated for 3 minutes at this temperature, the two 
were cooled to 690 deg. C. in 3 minutes and held there for 
15 minutes. They were then rapidly quenched in water. 
In the first specimen neither globular nor lamellar pearlite 
had formed and the structure was entirely composed of 
ferrite and martensite. In the second specimen, both 
forms of pearlite were present and very little martensite ; 
the structure was similar in every respect to those 
obtained previously at 690 deg. C. and illustrated in 
Fig. 6. Since lamellar lite was present in the second 
specimen and not in the first, it seems clear that the 





presence of the globular variety must have induced its 
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As a preliminary attempt to find out the position of 
the Ae line, a piece of the steel previously used was case- 
hardened at about 1,200 deg. C. and allowed to cool down 
slowly during a period of 36 hours. The carbon content 
after this treatment was found to be in the vicinity of 
1-80 per cent. just beneath the surfaces, and to diminish 
steadily through a distance of about in. inwards to 
the original amount, 0-02 per cent. In the hyper- 
eutectoid region, a network of free cementite was present 
enclosing large areas of coarse lamellar pearlite. The 
gradation of the carbon content thus produced by case- 
hardening seemed very suitable for the purpose in view, 
since small pieces could be obtained having a wide 
variation in the concentration. 

Three adjoining sections were cut from the piece, and 
these were heated for 3 minutes at 750 deg. C. and cooled 
to 705 deg., 708 deg. and 712 deg. C. respectively. Each 
specimen was maintained for 1 hour at the particular 
temperature —- and then quenched in water.t At 
705 deg. ©. globular pearlite had formed, in small 
quantity, throughout. At 708 deg. C., a few small 

atches of globular rlite had again formed in the 
Lepecusestall area, but in the hypereutectoid it had 
developed rather more. At 712 deg. C. no growth had 
occurred in any part, and the structure now consisted 
entirely of martensite and ferrite. 

Thus, for this steel the Ae line would appear to be 
straight to within 5 deg. C. At the same time, the 
evidence obtained rather indicated that there was a slight 
step upwards at the eutectoid oT and experiments 
with another case-hardened steel of similar composition 
tended to confirm this conclusion. It is possible, of 
course, that the presence of manganese in the steel may 
have a disturbing influence as the carbon content in- 
creases, owing to the formation of a little manganese 
carbide and consequent reduction in the amount of 
manganese more directly associated with the iron in the 
solid solution. Further work with steels free from this 
and other similar elements must, therefore, be done 
before a final conclusion on the question can be reached. 
Nevertheless, in the remaining sections of the paper, 
the lowest temperature below Acl, at which globular 
pearlite will not form from nuclei in 1 hour’s heating, will 
be referred to as the Ae point. 





* Proceedings of the North-East Coast Institution of 
Engineers and Shipbuilders, 1912-13, vol. xxix. 

Tt hay egw readings were taken on the potentiometer 
during the heatings, and in each case the temperature was 


Fie. 10. 
LAR PEARLITES GROWING IN 


Soprum Prcrate Star. 





shown not to vary more than +1 deg. C. from that stated. 


GLOBULAR AND LAMEL- Fie. 11. 


ErcHEeD 
AcID. 


quenched from 700 deg. C. is seen; in a second speci- 
men treated similarly, and then slowly cooled, these 
borders had changed into lamellar pearlite, as shown in 


ig. 6. 

It should be remarked here that, since, in the absence 
of nuclei, the Arl transformation does not occur, even 
with a slow rate of cooling, until the temperature has 
fallen well below the true solubility point Ae, direct 
evidence is thus obtained of supercooling, and it would 
almost seem as though lamellar pearlite, which is then 
formed, will not grow until a certain degree of super- 
saturation is reached. 

Speed of Growth increases Rapidly as the Temperature 
falis below Ae.—This was repeatedly observed. For 
example, three specimens, equal in size, were heated 
separately for 5 minutes at 750 deg. C.; they were then 
cooled down in the furnace, at a rate of about 25 deg. C. 
per minute, to 700 deg., 695 deg. and 690 deg. C., respec- 
tively, and held at these temperatures for 10 minutes 
before being quenched. At 700 deg. C. the majority of the 
nuclei were embedded in the y-iron, and only a few had 
developed into globular lite in 10 minutes. The 
area in Fig. 7 is typical. In another piece after 30 
minutes at this temperature the change had progressed 
further, but even then areas of y-iron containing un- 
developed nuclei were to be seen. Fig. 8 shows part of 
an area of y-iron in the specimen quenched from 695 
deg. C.; the transformation was far more advanced, 
yet it was by no means complete, as can be judged from 
the large number of nuclei present in the solid solution 
area. At 690 deg. C., however, 10 minutes was almost 
sufficient to effect a complete transformation. Only 
small isolated areas not containing visible nuclei were 
present, and the structure was similar in every way to 
that of Fig. 6. The presence of lamellar pearlite in this 
specimen will be discussed in the next section. 

It is thus clear that, as the temperature falls below 
Ae, there is a marked acceleration in the rate of wth 
of globular pearlite. That the process will quicken to 
some extent with a falling tem: ture is, no doubt, 
to be expected, since the diffusion gradients must get 
steeper owing to the y-iron becoming increasingly super- 
saturated ; but it is by no means certain whether the 
rapid increase in the rate of growth can be entirely 
explained in this way because, although the jients 
steepen, the diffusion constant probably diminished. 

As — ee Portevin an mere one 
mend alternations of temperature duri passage 
Acl for securing globular pearlite. The fo: ing experi- 
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earlier growth. A similar instance was also seen in 
the previous section. 

Further evidence of this induced growth is to be found 
in the different manner in which the two pearlites form. 
The globular always starts to form within the y-iron 
areas by growth of the undissolved carbide nuclei. 
On the other hand, as far as the author’s observations 
extend, in the absence of globular pearlite, lamellar 
pearlite begins to form at the margins of these areas. 
An instance is given in Fig. 5. It shows this type of 
pearlite in process of formation in a specimen quenched 
at Arl. Growth had clearly started at the margin of 
the area and the crystallisation of the lamella was pro- 
ceedi inwards when the specimen was quenched 
When lamellar lite is induced to form by the presence 
of globular pearlite, however, growth occurs in the reverse 
direction. The lamelle start at a point adjacent to the 
transformed part within the solid solution area and then 
travel outwards, An example is seen in Fig. 9, which is 
typical of the effect obtained when a specimen was heated 
for 3 minutes at 750 deg. C., cooled in 10 minutes to 
687 deg. C., and then Fey before the pearlite had 
developed completely. ‘1 he lamellx were clearly travelli 
outwards to the margins at the time of quenching, 
having evidently been induced by the previously formed 
gabon pearlite, 

Formation of Globular Pearlite So. Heperetanent 
Steels.—As the carbon content is in above the 
eutectoid amount, the temperature above Acl at which 
the whole of the carbide completely dissolves in the 
y-iron rapidly rises as indicated by the cementite 
solubility curve in the equilibrium os, a pass Conse- 
quently the interval in which carbide nuclei can remain 
undissolved will widen, since saturation of the y-iron 
can be maintained by the solution of the pro-eutectoid 
cementite as well as the eutectoid. Although this is 
undoubtedly the case, experiments which have made 
during the present investigation have not always been 
successful in producing globular precio free from 
lamellar pearlite in h utectoid steel, containing 
carbide nuclei, by holding it at a temperature not far 
below Ae. With some steels there was no difficulty, but 
with others an intermingling of the two varieties was 
invariably obtained. 

This effect was especially observed in the case- 
hardened material referred to above. For example, 
when a piece was cooled from 750 deg. to 660 deg. C. 
in 30 minutes, the hypereutectoid region was almost 
entirely com of lamellar pearlite, whereas in the 








ments show that this type of pearlite may be formed in 


tectoid and hyp toid areas well-defined globular 
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pearlite had formed. Again, in the experiments on the 
position of the Ae line made with this steel, in which 
sections were held for an hour just below Ae, some 
lamellar as well as globular pearlite was always to be seen. 
An example of the pearlitic structure obtained at 
705. deg. C. is shown in Fig. 10. This difficulty has 
apparently not been encountered by the authors pre- 
viously quoted. It may be that lamellar pearlite is 
induced to form in the presence of globular pearlite more 
readily in hypereutectoid steels because the temperature 
interval between Ae and Ar is lessened ; but the reason 
why this should occur in one case and not in another has 
yet to be found. 

Formation of Globular Pearlite a Test for the Presence 
of Carbide Nuclei in the y-Iron.—From observations 
made during the investigation, it was concluded that the 
carbide particles can be ultra-microscopic in size and yet 
cause globular pearlite to grow when the steel is held a few 
degrees below Ae. Visible and relatively coarse particles 
do not appear to be essential. To verify this conclusion, 
two pieces of the steel were heated for 15 minutes at 760 
deg. C. and one piece was then quenched; the other 
was also quenched after it had been cooled to 700 deg. C. 
and held there for 1 hour. On examination well-defined 
globular pearlite was found to have grown at the centres 
of the y-iron areas in the latter specimen. In the 
piece quenched from 760 deg. C., however, the presence 
of carbide nuclei could not be detected with certainty 
under the highest magnification available. Neverthe- 
less, the growth of the globular pearlite at 700 deg. C. 
clearly indicated that they were still present in the 
central portions of the solid solution areas. The experi- 
ment was repeated several times and in each instance the 
same result was obtained. 

The persistence of carbide nuclei in the y-iron at 
high temperatures has more than once been suggested 
as the reason why the temperature of the Arl trans- 
formation can vary according to the heat treatment 
given. Several observers have noticed that the point 
is lowered by long or high heating. The a 
offered by Howe and Levy of this fact is as follows :* 
“ Raising the ap ae above Acl tends to impair 
and to wey existing transformation starting 
nuclei, and the higher the heating is carried and the longer 
it is maintained, the greater is this destruction or impair- 
ment.” 

Dr. Rosenhain had apparently the same idea in mind 
when he stated that “the higher the temperature to 
which the steel had been raised, the more completely 
would the carbide particles be destroyed and the fewer 
would be the nuclei remaining when the steel came to be 
cooled down. Thus there ht be different degrees of 
undercooling (at Arl) according to the temperature to 
which the steel had been heated.” 

The evidence advanced in the present paper is not in 
favour of these explanations, at any rate as far as the 
eutectoid and hypoeutectoid steels are concerned. With 
these steels comparatively short heatings at temperatures 
above 800 deg. C. sufficed to prevent the formation of 
any globular pearlite when the samples were held for an 
hour 10 deg. C. below the Ae point. Moreover, on further 
cooling, lamellar —— was formed and, as previously 
remarked, growth then starts at the margins of the 
y-iron areas. Growth in this manner would scarcely 
happen if it had been induced by the presence of nuclei 
within the areas. Consequently, it seems legitimate to 
conclude that by heating the specimens to above 800 
deg. C., a complete solution of the carbide had been 
obtained and that no undissolved nuclei remained. 
It would seem, therefore, that the effect on the position 
of Arl, brought about by heating to higher temperatures 
still, must be assigned to some other cause. 

It is well known that with certain special steels, 
“T max” exerts a similar, but much more pronounced, 
influence upon the —- of Arl. This is especially 
the case with steels containing chromium. Recently 
Monypenny, in an instructive paper, t has shown that in 
such steels there is a very considerable range of tempera- 
ture above Acl in which particles of undissolved carbide 
persist for long periods of heating. He further states 
that, in cooling, the presence of these particles causes 
globular instead of | Il arlite to form. 

These results were fully corroborated during the present 
investigation with a steel containing 3-78 per cent. of 
chromium and 0-58 per cent. of carbon. It was seen 
that even after 20 hours at 800 deg. to 850 deg. C., un- 
dissolved particles of carbide still remained in the solid 
solution, and in cooling slowly globular pearlite was 
formed. Heating the steel between 900 deg. and 950 
deg. C. for 1 hour, however, caused the particles to dis- 
appear completely, and in these cases lamellar pearlite 
was formed when the specimen was cooled at a similar 
rate. Illustrations of the two pearlitic structures 
obtained are given in Figs. 11 and 12. Further work 
showed that, as with plain carbon steels, the globular 
pearlite grew at a temperature about 20 deg. C. higher 
than lamellar pearlite. Owing to the greater range of 
temperature above Acl permissible, also to the length 
of time the nuclei persisted ir this range, and again to 
the slow rate at which lamellar pearlite grew in this 
steel, it was easy to produce specimens in which the 

arlite was entirely globular. Here also, therefore, the 
ormation of lamellar pearlite would indicate the absence 
of carbide nuclei from the solid solution. It thus again 
seems clear that some other explanation must be sought 
of the progressive lowering of Arl which occurs as 
“'T max” is raised above the minimum temperature of 
heating required to cause the growth of lamellar pearlite 
alone in the subsequent cooling. 














* Loc cit., page 218. 

+ Discussion of Stead’s paper referred to above. 

t Journal of the [ron and Steel Institute, 1920, No. 1, 
page 493. 





THE ENGINEERING PROFESSION IN . 
SCANDINAVIA. 

On relinquishing his directorship of the large poly- 
technic college in Copenhagen, a post he had filled with 
distinction for ten years, Professor H. I. Hannover, 
in his farewell address, delivered before a large and 
distingui audience, including the King of Denmark, 
gave interesting particulars concerning the study of 
— ring in Denmark and referred also to Sweden and 
Norway. 

The number of students entering the college last year 
was 222, the 22 having been specially provided for, a 
number exceeding that of any of the professions at the 
Copenhagen University. The C 
college was able to receive all applicants (the announce- 
ment made at first to the effect that only 200 could be 
received may have acted as a deterrent), whilst Sweden's 
technical high school could only receive 199 students 
out of 259 applicants, and Norway’s technical high school 
only 122 out of 177 applicants. 

Professor Hannover said most of the students worked 
hard and satisfactorily. Thus one student, 19 years old, 
in the second term of his study, earned the gold medal 
of the Danish Society of Science. Some of the students 
had to contend against pecuniary difficulties; one 
cheerfully did harvest work in the summer vacation 
and another, who passed the final examination with 
first-class honours, put in a couple of months as a work- 
man in Messrs. Burmeister and Wain’s works. 

A Government grant has been voted for a mechanical 
technological laboratory, and there were now funds for 
three laboratories ; the difficulties of finding a suitable 
site would, he hoped, soon be overcome, 

The first technical a of Doctor hon. causa had 
in the course of the year n conferred upon the famous 
French scientist in chemistry, Henry Le Chatelier, who 
had delivered three lectures in the large hall of the 
college. A new chair had been established in technical 
hydraulics, and the first engineers had passed their 
final examination in this speciality. 

Whilst Sweden’s technical “high school had recently 
had its first female student, Norway having only 
two such students, the Danish pol hnic college has at 
present 34 women students, itherto the women 
students had generally selected the chemical branch, but 
at present, besides 25 of this class, 7 women students 
are studying to become civil engineers, one is studying 
machinery and another electricity. The latter, a 
countess, is very enthusiastic in her studies and has just 
started on a four months’ training course on board the 
Selandia, bound for the Far East, for which trip she 
had to be taken as a common sailor, although having 
her own private cabin. On the whole, the lady students 
have given every satisfaction. 

Professor Hannover gave a short survey of the develop- 
ment of the college during his ten years’ tenure of office. 
During that period the number of students had risen 
from 723 to 1,024 (exclusive of some 150 who were at 
present completing their workshop training or for other 
reasons had interrupted their studies) The number 
of members on the teachers’ council had risen from 
39 to 48 and that of assistants from 28 to 51. In 1912, 
101 students passed their final examinations, in 1922 
there will be about 160. The capital for scholarships had 
increased from 39,200 kroner to over 600,000 kroner. 
This latter sum is not large considering the number of 
students, At the Stockholm technical high school the 
capital for scholarships was twice as 1 ; 

Tn conclusion, Professor Hannover handed the 
director’s insignia to his successor, Professor P. O. 
Pedersen, who had been one of his most capable pupils, 
and who had carried out a large amount of scientific 
work, 





Cosatt.—The chief sources of cobalt ores are the 
mines of Cobalt (Ontario) and of Cloncurry in Queens- 
land. In the former mines cobalt is associated both 
with nickel, which it generally accompanies, and with 
silver ; in the latter nickel is p Avr absent. Physically 
cobalt and nickel are very similar to one another: atomic 
weights Co 58:97, Ni 58-7, density of both 8-8, atomic 
volume 6-9 and 6-7, melting-points 1,478 deg. and 1,452 
deg. C. Chemically both the metals give a perplexing 
variety of compounds of peculiar colours ; but there the 
resemblance almost ends. Metallurgically the two metals 
are very different. An addition of 15 per cent. of nickel 
to copper makes the copper white and like nickel; a 
copper containing 30 per cent. of cobalt, however, is 
still like copper. The nickel alloys represent one solid 
solution throughout the range; the Co-Cu alloys are 
complex and give at least four series of solid solutions. 
Both the tensile strength and the compressive strength 
of cobalt (99-7 per cent.) are very high for pure metals, 
viz., 15-35 and 54-5tons persquareinch. The “‘stellite’’ 
alloys of cobalt with chromium are much-valued materials 
for high-speed tools ; these alloys may also contain tung- 


sten and molybdenum. Cobalt-iron alloys were first made | P 


ten years ago, in Becker electric furnaces ; their excep- 
tionally high value as magnet steels was mentioned in a 
paper on magnetos brought by E. A. Watson before the 
Institution of Electrical Engineers a year ago. When 
Kalmus began to study the possibilitiesof cobalt inCanada 
before the outbreak of the war, much hope was placed 
on the development of the cobalt electroplating industry. 
Those expectations, W. R. Barclay points out in the 
Journal of the Society of Chemical Industry, of April 29, 
have not been fulfilled. The costs of the process, 
especially of the preparation of the materials, remain 
high, and it may be said in general that cobalt has still 
to make its place in industry. The peculiar difference 
between nickel and cobalt seem to invite special study 
by X-rays and other modern methods; very little has 
been done in that respect, so far as we are aware. 








CATALOGUES. 


Feed Water.—A catalogue with clear text and illus- 
trations relating to evaporators for supplying distilled 
feed water for boilers, is to hand from the Griscom- 
Russell Company, 90, West-street, New York. 


CO2 Recorder.—The Uehling Instrument Company, 
Paterson, New Jersey, U.S.A., send a clearly written 
and illustrated catalogue of their CO2 recording equip- 
ment for boiler installations. 


Motor Accessories.—A catalogue dealing with oil 
storage tanks, oiling cans and fillers, and also includi 
some neat metal fitti , is to hand from Messrs. Josep 
Kaye and Sons, Limited, 93, High Holborn, London, 

y.C. 1. 


mhagen polytechnic | yw ( 


Electric Fuses.—The Westinghouse Electric Company, 
East Pittsburg, U.S.A., send a neat little pamphlet 
explaining the construction and use of their fuses for 
protecting circuits carrying up to 600 amperes. The 
fuses are made with either blade or ferrule contacts. 

Wood Working Machinery.—A considerable range of 
wood-working machines with the necessary saws, cutter 
blocks, bits and other edge tools comes from Messrs. 
Watts Brothers, Limited, Keeton’s Hill, Sheffield. 
Tables of sizes and prices of the tools are given. 


Asbestos Roofing.—A catalogue of corrugated roofing 
sheets made of asbestos cement is to hand from the 
Eternit Pietra Artificiale Company, of Italy, whose 
London office is at Norfolk House, Laurence Pountney 
Hill, E.C. 4. Ridge sheets to fit the same corrugations 
are also supplied. 


Drawing Office Requisites—A very comprehensive 
priced catalogue of mathematical, surveying, draughting 
and other instruments, and papers, cloths, photo- 
oes apparatus and general office equipment is to 

and from Messrs. A. West and Partners, 36, Broadway, 
London, 8.W. 1. 


Light Alloy.—Messrs. F. A. Hughes and Co., Limited, 
3, Regent-street, London, 8.W. send catalogues 
describing the uses and working of a white metal alloy 
known as “ Electron”? which is about half the specific 
gravity of aluminium. It #& supplied in ingots, castings, 
sections, sheets, stampings and all usual forms. 


Transformers.—The eighth number of the pamphlets 
on transformers issued by Messrs. Johnson and Phillips 
Limited, Charlton, London, 8.E. 7, explains the character 
of third harmonic voltages and currents in symmetrical 
three-phase systems and the particular effects which are 
objectionable. 


Electric Driving of Machine Tools.—Matter previously 
issued on the subject of electric motor drives for machine 
tools, with much additional material, has been combined 
in a new and comprehensive catalogue of 40 quarto 

ages issued by the Metropolitan Vickers Company, 
Pisnited, Trafford Park, Manchester. 


Street Lighting.—An illustrated catalogue of 36 quarto 
pages, issued by the General Electric Company, Limited, 
Kingsway, London, W.C. 2, seems to contain all that is 
necessa*y for electric street lighting. Fittings of all 
kinds are dealt with; clear particulars are given of the 
technical and financial aspects. The light is produced 
by gas-filled lamps which are supplied in a range of 
lighting powers from 30 watts to 1,500 watts per lamp. 


Steam Engines.—A leaf catalogue of a steam engine 
for factories requiring both power and heating steam is 
to hand from Messrs. Galloways, Limited, Manchester. 
It is a tandem compound engine, with low-pressure 
cylinder of the uniflow type, and the heating steam is, 
taken from the intermediate receiver. The engine is 
designed to maintain a constant speed and to give a 
steady pressure of heating steam under a varying load. 


Ejector Air Pumps.—The central condenser type 
of multi-ejector air pump made by the Mirlees Watson 
Company, Limited, Scotland-street, Glasgow, is described 
and illustrated in a special catalogue which engineers 
in charge of large condensers will find worthy of study. 
The certain rejection of air from the boiler feed and the 
maximum transfer of heat from the condensing process 
to the additional feed water are features of the system, 
though the simplicity of operation and certainly of 
action are the main advantages. 


Grain Handling Plant.—A ——- of the grain 
conveying and storage plant installed at the port of 
Dublin is given in a pamphlet issued by Messrs. Henry 
Simon, Limited, 29, Mount-street, Manchester. The 
total storage capacity is 13,800 tons, and the conveying 
machinery is in three sets, each of which has a capacity 
of 40 tons per hour. The grain is taken from the ships by 
suction and discharged to barges or otherwise by pressure, 
the same pipes being used for either process. In this 
plant the stores are 100 yards from the quay and the pipes 
ass underground leaving the surface clear. The 
illustrations in the pamphlet are clear and the text is very 
complete. 


Ingot Lifting Machines.—‘‘ Handling machines” for 
ingots are travelling cranes with gear which lifts, lowers 
and conveys hot or cold steel ingots. The machines are 
operated by a man travelling in a cab attached to the 
erane and tolerably clear of the heat. The Wellman- 
Smith-Owen Engineering Corporation, Limited, Dar- 
laston (36, Kingsway, London, W.C. 2), send us a cata- 
logue of these machines giving 30 or more large photo- 
graphic illustrations of machines in operation in order 
to show their adaptability to the work. Some idea of 
the atmospheric conditions encountered and of the 
importance of secure, rapid and accurate handling of 
the loads is necessary for the full appreciation of the 
catalogue. 
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AERONAUTICS. 


171 ,534. Sunbeam Motor Car Company, Limited, 
Wolverhampton, and L. Coatalen, Wolverhampton. Trans- 
mission Gearing. (1 Fig.) September 6, 1920.—This invention 
relates to transmission gearing for use on aircraft of the kind in 
which a driven shaft ca — or connected to the propeller or 
= is driven throu medium of a change-speed gear 

y a driving shaft operatively connected with two or more engines. 
Accerding to this invention, the driving shaft is situated between 
two engi in with their respective crankshafts 
and is adapted to oe clutched directly to either or to both. The 
drawing shows dia er a construction in which two 
engines A and B drive a single driven shaft C which carries or is 


oe | 
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coupled to a | pocneine or propellers. Each engine is connected 
with the driving shaft D through a friction clutch E, and the 
—— shaft passes — &@ gear-box F wherein it carries a 
pair of sliding gears G and This sliding gear G, H is ada 
to be meshed with either of the gear wheels J and K on the driven 
shaft. When both engines A and B are in use and are yo 
normally, the larger gear ratio G, J would be used, but shoul 
it be desirable to stop either engine the gear G, H is moved to the 
right so that the wheel H meshes with the wheel K and the single 
e drives the propeller at a slower speed, but the engine runs 
at its efficient high speed. To disconnect Oa engine its friction 
clutch is, of course, withdrawn. (Sealed.) 


ELECTRICAL APPARATU S. 

174,406. The Cable Accessories Com en! Limited, 

wiord, Tip- 
(1 Fig.) 1920. — 
This invention relates to an electric switch of the type having a 
pivoted operating member ¢c furnished with an arm e which is 
coupled by a first link f to a second link g, and which second 
link is adapted to actuate the contact member a and still to be 





capable of a degree of angular movement in relation thereto 
in order to provide for a quick break action under the influence 
of a spring. The invention comprises a switch of this type, 
in which the second link g is pivotally connected to the contact 
member a at a point removed from the axis of the latter, so that 
both axes of the second link move in the operations of closing 
and opening the switch. (Sealed.) 


174,523. M.A. Codd, London. Induction Coils. (1 Fig.) 
January 20, 1921.—This invention relates to mercury make and 
break devices for induction coils of the kind in which the mercury 
is caused to pass through a rotatory member (usually known as the 
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** jet” and hereinafter so referred to), from which it is impelled 
on to the contacts. According to the present invention, a mes 

make and break device of the kind referred to is provided with 
contacts ¢, el on which the m 


i 
to be rotated in a direction op apy Yop dep 


to that of the rotation of the 





a satisfactory pumping of the mercury at very high speeds of 
rotation of the jet, the speed of — can only be increased 
uP to the — at which the y= of the mercury is not 
interfered h. Beyond this nt tl evice ceases to function 
satisfactorily owing to irregularities that are set up in the 
pumping action so that it not been feasible further to 
nerease the frequency of the interruptions beyond a certain 
limiting speed of rotation of the jet at which uniform and 
steady pomeme of the mercury ceases. By means of the 
resent invention these disadvantages are overcome, and greatly 
creased frequencies of interruption are obtained. (Sealed. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 

174,166. C. Binks (1920), Limited, Eccles, C. Binks, 
Eccles, H. Binks, Eccles, and C. L. Binks, Eccles. 
burettors. (1 Fig.) October 16, 1920.—This invention relates 
to carburettors for internal-combustion engines provided with 
a pilot or auxiliary jet for slow running. According to this 
invention, to a carburettor provided with a pilot or auxiliary jet C 
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and a main supply jet F constructed of a small open-ended tube 
without a restricted orifice, an adjustable needle valve G is fitted 
at the base or foot of the main jet F to restrict the fuel supply to 
the jet, thereby constituting the jet a reservoir H to hold a small 
reserve of petrol when running slow, to give a richer mixture 
for use when starting or accelerating the motor. (Sealed.) 


174,423. J. A. Peters, Scarborough. Internal-Com- 
bustion Engines. (1 Fig.) October 21, 1920.—This invention 
relates to means for supplying lubricant to internal combustion 
engines of fhe kind operated by the pressure of the exhaust gases 
exerted through a freely open pipe ¢ leading into the oil con- 





tainer a above the level of the oil therein. Now, accordin 
this invention, a vented passage or reservoir d is ed 
between the oil container a and the gravity-fall pipe f, so that 
when the engine stops, the supply of oil will also be arrested 
and will not be liable in certain circumstances to continue 
owing to the siphoning action of the gravity-fall pipe. (Sealed.) 


174,493. C. Binks (1920), Limited, Eccles, C. Binks, 
Eccles, H. Binks, Eccles, and C. L. Binks, Eccles. Car- 
burettors. (3 Figs.) July 2, 1921.—This invention relates 
to carburettors for internal-combustion engines fitted with an 
auxiliary pilot jet a, the latter being provided with a delivery 


Fig. 1. ‘ 
D Fig.2. 
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valve D and hand lever E by which the valve can be readily 
turned full open to give an increased supply of fuel for starting the 
engine and readily turned in the reverse direction to reduce the 
supply of fuel when the engine is running. The invention con- 

the application to or combination with the pilot jet a 
of a carburettor, of a plug valve D formed with a scroll or tapering | sl 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


174,139. F. Pearson, Liversedge. Tool Holder. (5 Figs.) 
October 8, 1920.—This invention relates to a holder for boring 
— ta ping tools and the like. According to this invention, one 
the tool holder comprises a rod 1 loosely mounted ‘na 
Mell 2 and prevented from turning therein bya number of ball@6 
capable of longitudinal movement in co-axially arranged passages 





wag 











5 in the shell 2 and rod 1, and the other part, that is the portion 
situated on the right-hand side of the drawing and which carries 
the reamer, is loosely mounted in a shell 2a that is attached to the 
first part, rotation of the second part in relation to the shell being 
Pyosledy by a similar arrangement of balls and passages. 


Staines Motor Company, Limited, 
and H. H. Clark, Staines. Turret Tool Holders. 
December 23, ane oe invention relates 
holders of the type ing a shank designed to be clam 
to the lathe sliderest it int oul way and the outer end of which 
carries a circular socket “¥ which is revolubly mounted a circular 
tool-holder having radial sockets or holes for the reception of the 
several tools which are secured therein by any suitable means, 


Staines, 
(3 Figs.) 
to turret tool- 


such as clamping screws, the tool-holder being formed conical 
to fit a coni ety bee the socket. levee this invention, 
a central bolt fin the tool-holder is provided with a screw thread g 








the tool-holder e, 


,v “Serewing ito the hal 
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‘ace frictionally engages the 
The reverse movement 
tes the said surfaces. The end of 


—- pumees a 


tg ewe female thread in 
ed with means A for turni 
one direction, will 
the latter so that its conical surf 
corresponding surface of the socket. b. 
of the bolt releases or separa‘ 

the bolt which screws into the holder ¢ is provided with a head fi 

when rel the 


to limit the movement of the bolt holder from 
the socket and which, by contact with the tool-holder, serves 
positively to rotate the latter by a continuation of the reverse 
movement of the ( January 25, 1922.) 


Fallowfield, Manchester. Cutting 
a peennes 22, 1920.—This invention 


Worm . (3 Figs.) 
relates to worm wheel co in which worm wheels 
are cut by a hob cutter. of the machine is constructed 
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Fig.3y 
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with two horizontal faces and is su 
upon a frame B and rigidly affixed thereto. the under 
horizontal face of the a rotary carrier C is mounted to carry 

— or template ¢ of the wheel to be cut, and an adjustable 
D with bearings for a shaft d of a worm gearing with the 


at one or both ends 
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teeth of the template wheel c. The worm shaft d and worm are 
driven from the main gearing E through a shaft dl by bevel 
gearing similar to the ring &1 shown in Fig. 2, for driving the 
cutting hob K. The slide D is rigidly affixed to its bed by bolts 
when the machine is at work, but can, by loosening the bolts, be 
adjusted to templates of different sizes. On the upper horizontal 
face of the bed A a rotary carrier G, corresponding with the 
carrier C, is mounted to carry the work or blank wheel g to be 
cut. The carrier G is connected with the carrier C and is rotated 
by the latter so that the work or blank G rotates at the same speed 
as the template c. An adjustable slide H is mounted on the 
wom face of the bed A, and this carries in the bearings A the shaft 
of a hob cutter K, by which the blank wheel g is cut. The 
shaft & and cutter K are driven by bevel gearing 1 from the main 
gearing E. The shaft ¢ is capable of sliding through the bevel 
wheel on it as the cutter K is fed to the work. The slide H 
and cutter K are moved to and from the work g by a screw L, bya 
worm M and worm wheel m and hand wheel m1. The machine is 
driven by a belt on the cone pulley El through the gearing E, 
and the bevel wheels on the shafts dl, d, e and k. (Sealed.) 


MINING, METALLURGY AND METAL-WORKING. 


168,033. The Powdered Fuel Plant Company, Limited, 
Westminster (the Assignees of Socicté la Combustion Rationelle, 
Paris, France). Pulverising Coal. (2 Figs.) August 17, 1920.— 
This invention has relation to pulverising apparatus of the kind 
in which the coal during its passage therethrough is subjected to a 
hammering action by sets of impactors which are mounted on 
separate shafts, are disposed co-axially and are driven in opposite 





directions at a high speed. A pulveriser of the kind referred to, 
in accordance with this invention, comprises the combination with 
co-axially disposed sets of impactors 10,5 mounted on separate 
and co-axial shafts 8, 3, respectively, driven in opposite directions 
and a casing 16 within which the impactors are contained, of a 
channel! constituted by the shaft 8 carrying the impactors 10 
for the passage of coal to and from the centre of the casing 16. 
(Sealed.) 

174,495. A. P. Leigh, Salrord. Foundry Moulding 
Boxes. (11 Figs.) November 25, 1920.— This invention 
relates to meuiding boxes for use in foundries. The box is 
fermed from a single strip of sheet or plate metal A, with 
V-shaped notches or recesses @ formed at intervals along its 
edges opposite to which the corners of the box will come. The 
metal strip A is bent along the top and/or bottom edges to a 
degree considerably less than right angles, and again bent on the 
lines a4 at right angles for rectangular boxes, opposite the notches a 
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to form the box, until the twe edges of the V notches are in 
contact, the edges being then welded together at al, thus forming 
inclined flanges a2 around the inner edges of the box, turned 
in to a considerably less degree than a right angle. The two 
ends of the metal strip A are arranged to abut along one of the 
sides, and may be welded together. One of the box fittings B 
may be riveted to the box at both sides of the junction of the 
two ends, thus strengthening the box. (Sealed.) 


MOTOR ROAD VEHICLES. 


172,417. Carrow Cars, Limited, Hanwell, London, 
H. Maryon, Hanwell, London, and L. Wood, Hanwell, 
London. Vehicle Springs. (2 Fiys.) September 7, 1920. 
The invention involves a structure in which the ends of the 
springs which bear upon the axle work loosely in lubricant-con- 
taining boxes closed at the outer ends and mounted on or adjacent 


the ends of the axle in such a manner that the spring ends are 
free to slide backwards and forwards in the boxes in the longi- 
tudinal direction of the vehicle. According to this invention, 
the inner and outer ends of the boxes d are closed to retain the 
lubricant and to render the boxes weather and dirtproof by means 
of pads of felt f,f1. The boxes d and the parts of the springs a 
therein are lubricated by the provision of grease or oil caps g, or, 


in certain cases, may be lubricated by forming a duct leading to 
the interior of the axle casing and allowing the lubricant to work 
along said duct into the boxes. (Sealed.) 


174,473. O.D. North, Chelsea, London. Disc Wheels. 
(4 Figs.) November 9, 1920.—The invention relates to vehicle 
dise wheels. The disc constituting the body of the wheel is 
retained in tion on the wheel hub solely by means of one or 
more fas’ ing devices detachably enga with the outer end 
of the hub, the central portion of the disc being thus clam 
between the fastening device or devices and the radially-extending 
hub flange. The disc a, which constitutes the body of the vehicle 
wheel and is of conical form, may be formed with a central aperture 
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b,and be retained in position on the hub c by means of a single nut 
or stud d which is adapted to engage co-operatively with a corre- 
spondingly threaded part cl on the outer end of the hub. No 
fastenings, beyond this single nut or stud, are necessary, and the 
ring of bolts or studs, hitherto used, is unnecessary. In Fig. 1 
the inner periphery of the dise body a surrounds the hub c, but 
in Fig. 2 the dise is extended towards its centre in a manner to 
overlie the end of the wheel hub so as to serve as a cap, the 
central aperture being comparatively small. (Sealed.) 


173 ,947. J. Mitchell, Liverpool. Axles. (2 Figs.) 
November 25, 1920.—This invention relates to the axles of motor 
road vehicles. According to this invention, the axle drives the 
wheel by means of a cap plate socketed and keyed on the axle 
end and bolted to the hub of the wheel and a retaining ring, 
independent of the fastening of the wheel to the axle, is fitted 
on the extreme end of the sleeve which engages the ball race 
or an element on the wheel. In carrying out the invention, the 
axle tube 1 is provided with a stout sleeve-like extension 2. The 
bore of the sleeve 2 is of larger diameter than the axle 4, and on 
the exterior of the sleeve are fitted the ball bearings 5. The 





hub 6 of the wheel is carried between outer and inner cheek 

lates 7, 8, the inner plate 8 having a tubular extension 8a, 

tween which and the end 2a of the sleeve the ball races are 
disposed. The outer plate 7 is continued to form a cap 7a, the 
eye portion 9 of which is formed as a socket coned to fit the 
coned end of the axle 4 and keyed thereon. Consequently the 
hub 6 is driven direct by the rear axle 4, the wheel hub 6 being, 
however, journalled on ball races 5 on the exterior of the end 
2a of the sleeve 2. A retaining ring 11 screws on the extreme 
end of the sleeve extension 2a, this retaining ring 11 engaging the 
outer ball race. (Sealed.) 


174,386. W. J. Hollick, Manchester. Automatic 
Couplings. (4 Figs.) July 15, 1920.—This invention relates 
to automatic couplings for vehicles, more particularly road 
vehicles. According to this invention, one member of the 
coupling, conveniently the draw-bar of a two-wheeled trailing 

















vehicle, is provided with a part which, in the event of uncoupling 
being attempted with the trailing vehicle so loaded as to be 
wrongly balanced, engages a complementary part on the other 
member of the coupling, and thereby prevents separation of the 





coupling members and uncoupling of the vehicles. The coupling 


comprises a box 4 mounted on a vertical pivot 5 on the frame 
member 6 of the tractor vehicle and provided with am aperture 7 
for the entrance of the forward end of the draw-bar 8 of the two- 
wheeled trailing vehicle. For guiding the end of the draw-bar 8 to 
and through the aperture 7, there is fitted in conjunction with the 
latter and mounted on a suitable part of the tractor vehicle, so 
that it does not pivot with the block 4, a rearwardly and upwardly 
extending jaw 9 provided with edge flanges 10. The box 4 is 
provided with a more or less sector-shaped pivoted catch 11, 
operating when raised through a slot 13 in the upper wall 
of the box and engaging when in the normal position, as illus- 
trated, in a recess 14 in the bottom wall of the box. The catch 11 
is provided with a tail piece 15 to which is attached a cord 16, 
on the pulling of which the catch is raised on its pivot. The 
forward face of the catch is preferably formed with a series of 
steps 18. The draw-bar 8 is bifurcated, and the forward ends of the 
bifurcations have fitted between them a distance-piece 19. 
When the two-wheeled trailing vehicle is uncoupled, it tips 
backwards and rests upon a rear leg or legs with the forward 
end of its draw-bar 8 raised. On the tractor vehicle being backed 
towards the trailing vehicle, the rollers 20 on the draw-bar 8 
engage the jaw 9. As the tractor vehicle continues to back, 
the rollers ride down the jaw, and the front end of the draw-bar 
passes through the aperture 7 into the box 4, raising thecatch 11, 
which subsequently falls behind the distance-piece 19, and 
thus couples the draw-bar. To uncouple the vehicle, the 
catch 11 is raised by pulling on the cord 16, the trailing vehicle 
tipping back on to its rear supporting leg or legs as the rollers 
emerge from the coupling and ride up the jaw 9. In the event 
of the trailing vehicle being so loaded that it tips forward instead 
of backwards, the forward end of the draw-bar 8 will be depressed, 
and on the catch 11 being released and the tractor vehicle moving 
away from the trailing vehicle, projections 22 on the draw-bar 
will entet slots 23 in the wall of the box and so prevent separation 
of the draw-bar and coupling until the load has been properly 
adjusted. (Sealed.) 


PRINTING AND ALLIED MACHINERY. 


173,850. R. W. Crabtree and Sons, Limited, Leeds, and 
E. W. Smith, Edinburgh. Web Printing Machines. (2 Figs.) 
October 5, 1920.—This invention relates to web printing machines, 
and has for its object to provide simple and automatically 
operating means for the side lay adjustment of reels from which 
the webs are fed in such machines. According to the invention, 
the web on its passage from the reel to the printing couples, is 
passed over spindle a,#which is freely movable longitudinally in 
both directions and is moved positively by the web on any lateral 
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deviation of the web to the one side or the other, and means 
are provided by which this lateral movement of the spindle is 
com icated hanically to a two-way clutch el, e mounted 
upon a spindle continuously rotating by movement derived from 
the web in its passage into the machine or from the driving 
gear of the machine, whereby movement is imparted to the usual 
screw side lay adjusting mechanism, so that thus the webjreel 
may be moved laterally in one direction or the other and 80 to 
restore the web to its normal path. ( Sealed.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


174,421. J. Samuel White and Co., Limited, East Cowes, 
and A. Forster, Cowes. Distributing Valves. (4 Figs.) 
October 21, 1921.—This invention relates to distributing valves 
of the compound type for steam engines such as are usually 
employed in connection with auxiliary engines. According to 
this invention, a balanced reciprocating steam-actuated main 
valve carries a balanced auxiliary within it, the axis of the 
two valves being at right angles, and the auxiliary valve being 
adapted both to reciprocate within the main valve and to oscil- 
late. In the preferred construction, the main valve E is of the 
shuttle type and comprises a cylindrical member having a piston 
face at either end and provided with ports which control the main 
steam ports formed in a cylindrical bore in the steam chest A 
within which the main valve is reciprocated. Formed within the 
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main valve E at right angles to its longitudinal axis is a ported 
cylindrical bore F within which works the auxiliary valve H. 
The auxiliary valve comprises a hollow ported cylindrical member 
which is mechanically reciprocated within its bore in the main 
valve, and is also oscillated about its own axis by the recipro- 
cation of the main valve. The auxiliary valve controls the 
supply of steam which effects the reciprocation of the main valve 
and co-operates with the main valve in controlling the admission 
of steam to the main ports. As the live steam first enters the 
interior of the cylindrical auxiliary valve and thence passes to the 
interior of the cylindrical main valve, it will be seen that both 
these valves are balanced and not subject to unequal pressure and 
consequent wear, while, further, the manufacture of the steam 
chest and its valves is greatly simplified and its assembly facili- 
tated. (Sealed.) 











